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TRUNCATED GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR 

Field of the Invention 

In general, the present invention relates to proteins, referred to herein 
5 as glial cell line-derived neurotrophic factors (also referred to as glial derived 
neurotrophic factor or QDNF), that are characterized by the ability to promot 
dopamine uptake by dopaminergic neurons and support the survival of the 
neurons that die in Parkinson's Disease. The present inventk>n more specifically 
relates to a novel truncated GDNF proteins. 

1 0 

Background of the Invention 

Neurotrophic factors are proteins, found in the nervous system or in 
non-nerve tissues innen/ated by the nervous system, whose functk)n is to 
promote the survival and maintain the phenotypic differentiation of nerve and/or 

1 5 glial cells (Varon et aL, Ann. Rev, Neuroscience 1:327, 1979; Thoenen et al„ 

Science 229:238. 1985). Because of this physiological role, neurotrophic 
factors are useful in treating the degeneration of nerve cells and the toss of 
differentiated function that occurs in a variety of neurodegenerative diseases, 
in order for a particular neurotrophic factor to be potentially useful in 

2 0 treating nerve damage, the class or classes of daniaged nerve ceNs must be 

responsive to the factor. Different neurotrophic factors typically affect 
distinctly different classes of nerve cells. Therefore, it is advantageous to hav 
on hand a variety of different neurotrophic factors to treat each of the classes of 
damaged neurons that may occur with different forms of disease or injury. 

2 5 Neurotrophk: factors can protect responsive neurons against a variety of 

unrelated insults. For example, nerve growth factor (NGF) will rescue a 
significant portion of sensory neurons from death caused by cutting their axonal 
processes (Rk:h et al., J. Neurocytol 16:261, 1987; Otto et al., J. NeuroscL 
83:156, 1987). from ontogenetic death during embryonic devetopment 
30 (Hamburger et al«, J. Neurosci. 4:767, 1984), and from damage caused by the 
administration of taxol or cisplatin (Apfel et al.. Ann, Neurol. 29: 67, 1991). 
This apparent generality of protection has led to the concept that if a 
neurotrophic factor protects responsive neurons against exp rimental damage, it 
may b useful in treating diseases that mvotve damage to those neurons in 

3 5 patients, even though the etiology may t:e unknown. 
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A giv n neurotrophic factor, m addition to having the correct neuronal 
specificity, must be available in sufficient quantity to be used as a 
pharmaceutical treatment. Since neurotrophic factors are typically present in 
small amounts in tissues (e.g., Hofer and Barde Nature 331:261, 1988; Lin et 
5 al.. Science 246:1023. 1989). it would be inconvenient to prepare 

pharmaceutical quantities of neurotrophic factors directly from animal tissues. 
As an alternative, it is desirable to use a recombinant expression system to 
produce the desired protein. 

Lin et al. previously described a method for screening biological samples 

1 0 for neurotrophic activity on the embryonic precursors of the substantia nigra 

dopaminergic neurons (see U.S. Patent Application No. 08/182,183 filed May 
23. 1994 and its parent applications; PCT/US92/07888 filed September 17, 
1992 (WO 93/06116); and European Patent Application No. 92921022.7 
(Publication No. EP 610 254); the disclosures of which are hereby incorporat d 
15 by reference). This bioassay is useful in identifying neurotrophic factors which 
may be used in treating Parkinson's disease (Friedman et at, Neuro. ScL Lett. 
79:65-72, 1987) as the disease is characterized by the degeneration of 
dopaminergic neurons in the midbrain that innervate the striatum. 

Lin et al. further described the characterization of a new neurotrophic 

2 0 factor that was purified from one such source* the conditioned culture medium 

from a glioblastoma cell line, B49 (Schubert et al., Nature 249:224-27. 
1974). The corKiitioned medium from this cell line was previously reported to 
contain dopaminergic rieurotrophic activity (Bohn et al., Soc, Neurosci. Ab$. 
15:277, 1989). Prior to the disclosure of Lin et al., glial cell line*derived 

2 5 neurotrophic factor (GONF) had not t>een identified as a discrete biologically 

active substarK:e or isolated as a substantially pure protein. In addition, Lin t 
al. descrit>ed processes for dor^ing human genes encodir>g GDNF, the nucleic add 
sequence of the human genes that encode GDNF and the anmo add sequences of the 
GONF protein. The GDNF gene was sutx:loned into an expression vector, and the 

3 0 vector was used to express biologically active GDNF. The GONF protein is a 

homodimer composed of two 134 amino add, 22kDa, subunits joined by 
disulfid bond. The d scription further induded the use of GDNF for preventing 
and treating nerve damag and nerve related diseas s such as Parkinson's disease. 
GDNF therapy is helpful in the treatm nt of n n/e damage caused by 
3 5 conditions that compromise the survival and/or proper function of one or more 
types of nerv cells. Such nerv damag may occur from a wid variety of 
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differ nt causes. N rve damage may occur to one or mor typ s of nerve cells by: 
(1) physical injury, which causes the degeneration of the axonal processes 
and/or nerve cell bodies near the site of injury; (2) temporary or permanent 
cessation of blood flow to parts of the nervous system, as in stroke; 
5 (3) intentional or accidental exposure to neurotoxins, such as chemotherapeutic 
agents (e.g., cisplatinum) for the treatment of cancer or dideoxycytidine (ddC) 
for the treatment of AIDS; (4) chronic metabolic diseases, such as diabetes or 
renal dysfunction; or (5) neurodegenerative diseases such as Parkinson's 
disease. Alzheimer's disease, and Amyotrophic Lateral Sclerosis (ALS). whk:h 
1 0 result from the degeneration of specific neuronal populations. 

GDNF therapy could be particularly helpful in the treatment of 
r>eurodegenerative conditions involving the degeneratk>n of the dopaminergic 
neurons of the substantia nigra, such as Parkinson's disease. The only current 
treatments for Parkinson's disease are palliative, aiming at increasing dopamin 

1 5 levels in the striatum. The expected impact of GDNF therapy is not simply to 

produce an increase in the dopaminergic r^eurotransmission at the dopaminergic 
nerve terminals in the striatum (which will result in a relief of the symptoms), 
but also to slow down, or even stop, the progression of the degenerative processes 
and to repair the damaged nigrostriatal pathway and restore its function. GDNF 

2 0 may also be used in treating other forms of damage to or improper functk)n of 

dopaminergic nerve ceils in human patients. Such damage or malfunction may 
occur in schizophrenia arKl other forms of psychosis. The or^ly current 
treatments for such conditions are symptomatic and require drugs which act 
upon dopamine receptors or dopamine uptake sites, consistent with the view that 
2 5 the improper functioning of the dopaminergic neurons which innervate these 
receptor-bearing neuronal populations may be involved in the disease process. 



SUMMARY OF THE INVENTION 

30 

In one aspect, the present invention provkles rK>vel truncated glial cell 
lin -d rived n urotrophic factor (GDNF) protein products. In on embodiment, 
truncated GDNF proteins are produced by recombinant genetic engine ring 
techniques. In an alternative mbodiment. the truncated GDNF proteins are 
3 5 synthesized by ct)emk:al techniques, or a combinatk>n of the recombinant and 
ch mical techniques. 
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The truncated GDNF prot in products of the present inv ntion include the 
proteins r pres nted by the amino acid sequ nc X-[Cys*^-Cys''33j-Y. The 
amino acid residue numbering scheme of Figure 1 (SEQ ID N0:2) is used to 
facilitate comparison to the mature GDNF protein, (Cys^^-Cys^33] represents 
5 the amino acid sequence of Cys^'' through Cys^33 35 depicted in Figure 1 (SEQ 
ID NO:2). Y represents the carboxy terminal group of Cys^33 ^ carboxy- 
terminus amino acid residue of lle^^^. X represents a methionylated or 
nonmethionylated amine group of Cys^^ or amino-terminus amino acid 
residue(s) selected from the group: 

0 

G 

RG 
NRG 

KNRG (SEQIDNO:3) 
GKNRG (SEQ ID NO:4) 
RGKNRG (SEQIDNO:5) 







ORGKMRG (SEQIDNO:6) 






GORGKNRG (SEQIDNO:?) 






RGQRGKNRG (SEQ ID NOrS) 






RRGQRGKNRG (SEQ ID NO:9) 




G 


RRGORGKNRG (SEQ ID NO:10) 




KG 


RRGQRGKNRG (SEQIDNO:11) 




GKG 


RRGORGKNRG (SEQIDNO:12) 




RGKG 


RRGQRGKNRG (SEQIDNO:13) 




SRGKG 


RRGQRGKNRG (SEQ ID NO: 14) 




NSRGKG 


RRGQRGKNRG (SEQIDNO:1S) 




ENSRGRG 


RRGQRGKNRG (SEQ ID NO: 16) 




PENSRGRG 


RRGQRGKNRG (SEQIDNO:17) 




NPENSRGKG 


RRGQRGKNRG (SEQ ID NO: 18) 




ANPE34SRGKG 


RRGQRGKNRG (SEQ ID NO: 19) 


A 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:20) 


AA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:21) 


AAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID N0.22) 


QAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:23) 


RQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO-24) 


NRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:25) 
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RNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:26) 




ERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:27) 




RERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:28) 




HKERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:29) 


p 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:30) 


LP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID N0:31) 


VLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:32) 


AVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:33) 


MAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:34) 


QMAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:35) 


KQMAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:36) 


DKQMAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:37) 


PDKOMAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:38) 



It is contemplated that such truncated GDNF protein products would irKlude 
truncated GDNF protein having the amino acid sequence as represented by X- 
(Cys^^-Cys^33].Y and variants and derivatives thereof. Thus, the truncated 
5 GDNF protein products of the present invention also include addition. 

substitution and intemal deletion variants arKJ derivatives of the amino acid 
sequences represented by X-(Cys^^-Cys''33]-Y. The truncated GDNF protein 
products further include methionylated or rranmethionylated forms as well as 
glycosylated or non-gtycosylated forms of truncated GDNF protein. 

1 0 Exemplary truncated GDNF proteins of the present invention include 

(Arg16.|ie134j^ (Asn22.||e1 34j^ jPro23.||e1 34j^ lSer26.|ie1 34j^ 

{Arg32.||e134|^ (Gly33.He134j^ ILys37.ne134] and (Asn38.ue1 34j 
truncated GDNF proteins, either methionylated or nonmethionylated, and 
variants and derivatives thereof. Presently preferred truncated GDNF proteins 

15 of the present invention include [Lys37-||e134j and {Asn38.||e134] truncated 
GDNF proteins, either methionylated or norunethionylated. and variants and 
derivatives thereof. Exemplary substitution variants are the (Asn22ASer22- 
Ile134] and (Pro23-Lys37AAsn37.||e134j truncated GDNF proteins. An 
ex mplary addition variant is the Ser-IPro23.||e''34j truncated GDNF prot in. 

20 In anoth r aspect of the present inv ntion, tt\e truncated GDNF proteir^s 

may be made in glycosylated or rK)n-gtycosylated forms. Derivatives of truncated 
GDNF protein typically involve attaching th truncat d GDNF pr t in to a water 
soluble polym r. For exampi , the truncated GDNF protein may be conjugated to 



wo 97/11964 



PCT/US96/14915 



one or more polyethylene glycol molecules to decrease th precipitation of the 
truncat d GDNF prot in product in an aqueous nvironment. 

Yet another aspect of the present invention includes the various 
polynucleotides encoding truncated GDNF proteins. These nudetc add sequences 
5 are generally used in the expression of truncated GDNF in a eukaryotic or 

prokaryotic host cell, wherein the expression product or a derivative thereof is 
cf^racterized by the ability to increase dopamine uptake by dopaminergic cells. 
The potynudeotides may also be used in ceil therapy or gene therapy 
applicatior)s. Suitable nudeic acid sequer)ces indude those specifically depicted 
10 in the Figures as well as additional degenerate sequences and culturally occurring 
allelic variations. 

A further aspect of the present invention involves vectors containing the 
polyruicleotides encoding truncated GDNF proteins operatively linked to 
amplification and/or expressk>n control sequences. Both prokaryotic and 

1 5 eukaryotic host cells may be stably transformed or transfected with such vectors 

to express the truncated glial derived neurotrophic factor. The present invention 
further indudes the recombinant productk)n of a truncated GDNF protein 
wherein such transformed or transfeded host cells are grown in a suitable 
nutrient medium, arul the truncated GDNF expressed by the cells is, optionalty. 

2 0 isolated from the host cells and/or the nutrient nr>edium. The present invention 

further irKludes the use of potynudeotides erxxKiing truncated GDNF and vectors 
containing such polynudeotkles in gene therapy or cell therapy. 

In another aspect, the present invention involves a recombinantly 
produced GDNF compositk>n containing a mixture of a mature GDNF protein and 

2 5 one or more truncated GDNF proteins derived therefrom, wherein the mature 

GDNF protein has a molecular weight of approximately 44 kDa, arKi wherein the 
trurKated GDNF protein has a molecular weight of approxinr^tely 36 to 40 kDa. 
The GDNF con^position may contain at least two truncated GDNF species wherein a 
first spedes has a molecular weight of approximately 36 kDa and a secorKi 

3 0 species has a molecular weight of approximately 40 kDa. The trurKated GONF 

spedes havir>g a molecular weight of approximately 40 kDa is a heterodimer of 
a GDNF monomer having a molecular weight of approximately 22 kDa arxl a 
truncated GDNF monom r having a molecular w ight f approxtmat ly 18 kDa. 
It is also contemplated that on or more of the trurKated GDNF species may be 
3 5 isolated from such a mbctur for therapeutic use< 
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Another aspect of the pres nt invention includes pharmaceutical 
compositions containing taincated GDNF protein product. Typically, the 
truncated GDNF protein product is formulated in association with a 
pharmaceutically acceptable vehicle. A variety of other formulation materials 
5 may be used to facilitate manufacture, storage, handling, delivery and/or 
efficacy. In another aspect of the present invention, truncated GDNF protein 
products increase dopamine uptake and survival of dopaminergic neurons. Thus, 
the truncated GDNF protein products are particularly suitable for the treatment 
of damage to the nervous system caused by injury or disease, such as Parkinson's 
1 0 Disease. 

Additional aspects and advantages of the invention will be apparent to 
those skilled in the art upon consideration of the following description, which 
details the practk:e of the present invention. 

1 5 

BRIEF DESCRIPTION OF THE FIGURES 

Numerous features and advantages of the present invention will become 
apparent upon review of the figures, wherein: 

20 

Figure 1 depicts a nucleic acid sequence (SEQ ID NO:1) encoding mature 
human glial cell line-derived neurotrophic factor <hGDNF). Also depicted is the 
amino add sequence (SEQ ID N0:2) of the mature human GDNF protein, 

2 5 Figure 2 depicts a diagram of a plasmid construction made for the 

expression of recombinant truncated GDNF proteins. 

Figure 3 depicts a restriction map of an alterriative nucleic acid sequence 
(SEQ ID NO:39) encoding GDNF and truncated GDNF polyrHJCleotkles. 

30 

Figure 4 depicts a restrictk)n map of yet another nudeic add sequerice 
(SEQ ID NO:40) encoding GDNF and truncated GDNF potynudeotides. 

Figur 5 depicts a nud ic add sequ nee (SEQ ID NO:41 ) encoding 

3 5 (Pro23.Lys37/^Asn37.||e''3^] truncal d GDNF protein substitution variant 
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(SEQ ID NO:42). This protein may also be described as a Met-Ser-fPro^^- 
Lys37AAsn3^-lle"'3^] truncated GDNF protein addition/substitution variant. 

Figure 6 depicts a nucleic acid sequence (SEQ ID NO:43) encoding an 
5 (Arg32-iie13^] truncated GDNF protein (SEQ ID NO;44). 

Figure 7 depicts a nudeic acid sequence (SEQ ID NO:45) encoding a 
[Q!y33-lle13^] truncated GDNF protein (SEQ ID NO:46). 

1 0 Figure 8 depicts the amino acid sequence of mature hGDNF (SEQ ID 

NO:47) in comparison to several exemplary truncated GDNF proteins: Met- 
(Arg32-||e134j (SEQ ID NO:48). Met-(Gly33.||e134j (SEQ ID NO:49) and 
Met-Ser.(Pro23.Lys37AAsn37.||e134] (SEQ ID NO:50). 

15 

DETAILED DESCRIPTION OF THE INVENTION 

Human glial cell line-derived neurotrophic factor (hGDNF) is 
synthesized as a precursor that is processed and secreted as a mature protein of 
20 134 amino adds. It was previously determined that mature human GDNF has the 
amino acid sequence depicted in Figure 1 (SEQ ID NO:2). 

The present invention is based on the unexpected discovery that the 
mature GDNF protein may be reduced in size (also referred to herein as a 
"clipped* or Iruncated" protein or truncated GDNF protein) yet retain its 

2 5 biological activity. The clipped protein was first discovered during the 

recombinant production of GDNF in Chinese hamster ovary (CHO) cells. In brief, 
the recombinant human GDNF (rhGDNF) was prepared as follows. A nucleic acid 
sequerKe erKoding the entire open reading frame of the mature human GDNF 
proteoi was cloned into an expression plasmid. The nucleic add sequence was 

3 0 confirmed to be correct (by DNA sequencing as the equivalent of the hGDNF 

sequence in GeneBank) and was translated to an amirK> ackJ sequerx:e identical to 
the publish d sequer>ce for mature human GDNF (Un t ah. Science 260. 11 30- 
1132, 1993). The plasmid DNA was linearized and transfected into 
dihydr folate r ductase-defident CHO cells (CHOd* cells) using the caldum 
3 5 phosphate precipitation method. Transfected c lis w re cultured in a selective 
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medium, and those colon! s that survived the s lection process were chosen for 
individual analysis of hGDNF expression. 

Serunrnfree conditioned media from the individual clones were collected 
and subjected to Westem blot analysis using antisera specific for hGDNF. The 
5 antisera involved rabbit polyclonal antibodies elicited from rabbits immunized 
with recombir>ant hGDNF expressed in Escherichia coli Under reducing 
conditions, the hGDNF that was present in these samples was resolved into two 
major t^ands having apparent molecular weights of approximately 22 kDa and 
18 kDa. Each band consisted of a closely spaced doublet of approximately 22 
10 22.5 kDa and 18 + 17.5 kDa, respectively (for simplicity, these doublets will 
be referred as the 22 kDa and 18 kDa bands or species). 

GDNF had previously been reported to exist as a disulfide<borKled 
homodimer composed of two identical subunits of the mature GDNF protein having 
a molecular weight of approximately 20 to 22 kDa. When GDNF was analyzed 

1 5 under nonreducing corKlitions, it was reported tf^t a broad band of 32 to 42 kDa 

(Lin et al.. Science 260. 1130-1132. 1993) or 33 to 45 kDa (Lin et aL, J. 
Neurochem. 63(2), 758-768. 1994) had been identified. The existerKe of the 
range was interpreted as being due to the heterogeneity of gtycosylation on the 
mature monomers and was further substantiated with de-glycosylation 
20 experiments. 

While the present 22 KDa band con^esponds to the mature GDNF protein 
reported in the literature, the 18 kDa band has not previously t>een reported. 
The relative amounts of the 22 kDa and the 18 kDa protein varied in samples 
collected from individual clones. In addition, it was found that multiple harvests 

2 5 from the same done showed a variable ratio of the two bands. Moreover, it was 

found that storage of the CHOexpressed GDNF protein frequently led to an 
increase in the presence of the 18 kDa barxl with a concurrent decrease of the 
22 kDa band. 

When conditkHied medium from the transformed CHOd' cells was analyzed 

3 0 under rK>nreducing coruJitkyis by Westem blots, three well-resoh/ed bands with 

apparent molecular w ights of 36, 40 and 44 kDa wer bserved. This find^ 
was also in contrast to pr vk)us reports. The relative intensity of these bands 
was variabi . but they corr lated well with th ratio of the 22 and 18 kDa 
monomer bands pres nt in each of the samples. Upon further analysis with 
3 5 monoclonal antisera, it was determined that the three bands in th nonreducing 
gel corresponded to three possible dimers composed of the two monomers. The 
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largest 44 kDa protein is a dim r of two 22 kOa mature GDNF proteins as 
previously reported. The intermediate 40 kDa protein consists of a dimer in 
which one mature protein has been reduced in molecular weight to an 18 kDa 
form. The smallest 36 kDa dimer appears to contain two 18 kDa proteins, i.e.. 
5 both 22 kDa forms have been reduced in molecular weight. This data 

demonstrated for the first time not only the preserKe of a ru>vel form of GDNF 
monomer but also the presence of the clipped GDNF protein in the dimeric 
configuratk)n. It was also found that, when stored, the monomer composition of 
the samples shifted towards that of the dipped form and the corresponding dimer 

1 0 species, i.e., the amount of the 36 kDa protein was seen to increase. 

Studies were then performed to identify which part of the protein was 
being eliminated or changed to cause of the reduction in nxriecular weight in 
comparison to that of the previously reported mature GDNF protein. It was first 
determined that the reduction in molecular weight was not due to changes in 

1 S glycosyiation. 

GDNF contair>s two potential N-linked glycosylatk>n sites and has been 
reported to be glycosylated. The clipped protein, however, is not simply the 
rK)ngtycosylated or underglycosylated form of mature GDNF. This was 
demonstrated in deglycosylation experiments wherein samples were treated with 

20 N-glycar)ase, 0-glycanase and neuraminidase. On reducing gels, the 18 kDa 

protein was reduced to a 13.5 kDa band by N-gtycanase digestion indk:ating the 
presence of an equivalency of 4.5 kDa of N-linked sugar. Treatment with 
neuraminidase and 0*glycanase caused the 16 kDa band to shift slightly to 

17 kDa. This indicated the presence of O-linked sugars on the protein. The 

2 5 mature 22 kDa band has been reported to be giycosyiated and was also reduced to 

18 kOa (i.e., also by 4.5 kDa) by N«glycanase. This was further confirmed 
through the use of a nK>nock>nal antibody which is specific for the 22 KDa band on 
the gel. The glycanase digestion pattern of the nonreduced dimer was more 
complk:ated, but was interpretable and consistent with the initial assignment f 

3 0 the three forms. 

As a result, the 4.5 kDa reduction in molecular weight of the protein was 
then viewed as resulting from the deletion of approximately 30*35 amino ackl 
r sklues rather than from changes in giycosyiatk>n. The deletion was expected to 
most likely occur at th amino-terminus f the nuiture GDNF protein for th 
3 5 folk>wing reas ns. Matur GDNF contains a total of seven cystines. If th deletion 
wer from the cartx>xyl t rminus. 2 to 4 of the seven cystines would b lost, and 
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this would lik ly result in an inactive protein. However, wh n a test sample 
consisting of predominantly the clipped form was subjected to a bioassay to 
measure tts dopaminergic neuron neurotrophic activity, the sample 
demonstrated comparable activity to a sample which contained proportionally 
5 more of the mature form of GONF. 

The site of cleavage was then detenmined via amir>o acid sequerice analysis 
of the purified protein. Samples were sequenced, according to manufacturer's 
instructions, using an Applied Biosystems 494A protein sequencer for ten 
cycles. While amino add sequence ar^aiysis techniques and procedures are well 

1 0 known to those skilled in the art, further descriptions of the sequencing of 

proteins are provided in Fausset et al.. Electrophoresis 12:22-27. 1991 and 
United States Patent Applk:ation No. 576.316 filed August 24, 1990 (European 
Patent Application No. 90310899. Publication No. EP 423 980, filed October 4. 
1990. entitled "Stem Cell Factor") the disclosures of which are hereby 

1 5 incorporated by reference. Upon analysis, it was determined that the amirx) 
terminus of the clipped protein was "RGQRGK" or Arg*Gly-Gln*Arg-Gly-Lys. 
Therefore, the first 31 amino acids had been removed from the mature protein in 
the conditioned media. The remaining amino acid sequence of the clipped prot in. 
beginning with amino acid Arg^^. was otherwise cor\sistent with that of the 

20 mature GONF amirK) acid sequertce depicted in Figure 1 (SEQ lO NO:2). 

The [Arg32-||e^34j truricated GDNF protein was found to be active, on a 
qualitative basis, in a dopaminergic neuron assay. The dopaminergic 
neurotrophic activity assay is used to identify neurotrophic factors that may be 
beneficial in treating Parkinson's disease. The assay is based on a previously 

25 described assay (Friedman et al., Neuro. ScL Lett. 79:65-72. 1987. the 
disclosure of which is hereby incorporated by reference) and may mdude 
modiftcatk>ns as descrit>ed in Un et al. (see U.S. Patent Applk^ation No. 
08/182.183 filed May 23, 1994 and its parent applications; 
PCT/US92/07888 filed September 17. 1992 (WO 93/06116); and European 

30 Patent Applk:ation No. 929210227 (Publication No. EP 610 254)). A detail d 
descriptk>n f the assay is provkled in Example 5. bek>w. 

A subsequent purification procedure, followed by amino acid sequencing. 
I d to the discov ry f another protein from which th first 36 amino acid 
residues had been remov d from the N-terminus of mature GDNF: a (Lys^^. 

35 II ^^^] truncated GDNF protein, with an N*terminal sequence of KNRG(C)VL-. 
Again, the remaining amino acid residues of the clipped protein were othenwise 
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consistent wrth thos of the mature human GDNF amino acid sequence. The 
(Lys^^-lle^^^l truncated GDNF protein was also analyzed in the dopamine 
uptake bioassay. This truncated GDNF protein was found to t>e active with an 
ED50 of about 50pg/ml. similar to that of purified recombinant £. colh 
5 expressed, mature GDNF. 

It was further discovered that bacterially expressed mature GDNF could 
t>e changed to a truncated form. Mature GDNF, expressed in transformed f . coii 
(as described in Lin et aL, U.S. Patent Application No. 08/182.183. supra), was 
incubated with CHO-dertved conditioned media. Recombinant E. co// GDNF has an 
1 0 apparent molecular weight of 17 kDa on reducing gel. When the material was 
mixed with CHO cell conditioned media and incubated for five days at 4''C. the 
protein was dipped completely to 12,5 kDa. This cleavage was less complete 
with or>e hour or 24 hours of incubation, suggesting a time-dependent process 
UTKler such conditions. It was also found that simply incubating recombirtant £. 

1 5 coli GDNF overnight with media containing 0.1% fetal bovine serum did riot 

generate the clipped forni. Thus, the presence of live cells in the culture seems 
to be necessary for the clipping process to occur. It is possible, therefore, that 
the clipping event may also occur in vivo within certain tissues. 

In additk>n. it was found that derivatives of mature £. co/^expressed 

2 0 hGDNF, such as pegylated GDNF (also described in Un et al.. U.S. Patent 

Application No. 08/1 82.1 83» supra) may be processed to a truncated form in 
the presence of CHO-derived corKlitk>ned media. Mature GDNF may be pegylated 
at the amino terminus in order to enhance its clearance time in circulalion. 
Pegylatk>n increases the size of the protein, and the modified mature GDNF 

2 5 migrates at abovX 45 kDa under reduced conditions. As with the non-pegylated 

mature form, the incubatton of pegylated E. coli GDNF with CHO cell 
(untransf acted) conditk)ned media generated a 12.5 kDa band. In both cases, th 
12.5 kDa species was present as a disulTide-bonded dimer as shown on non- 
reducing gels. The generation of this clipped fomn from the N-terminalty 

3 0 pegylated mature protein further demonstrated tfiat the clipping event occurred 

at the N-terminus of the protein since the pegylated residue was k>st during th 
clipping process. 

Based on the these findings and because the clipping ev nt may also occur 
in vivo, a truncated f rm of the GDNF protein may be th ultimate naturally 
3 5 processed form of hGDNF und r physiological conditk)ns. Ther fore, it was 
considered advantageous to produce a truncal d GDNF protein, or derivative 
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thereof, for therapeutic use. For example, a directly expressed or synthesized 
truncated GDNF protein, such as the IArg32.||e134] truncated GDNF protein, 
would be expected to be resistant to the above-described proteolytic activity. 
Moreover, if it was desired to produce a truncated GDNF derivative, such as a 
5 pegylated IArg32-||e134] truncated GDNF protein, the resulting derivative 
would be expected to have the advantage of not being susceptible to the specific 
clipping which was observed with the mature GDNF derivative. 

Additional advantages can also be expected of truncated GDNF protein 
products. First, the pi of a truncated protein, such as the [Arg32-||e134j 

1 0 truncated GDNF protein, will be reduced from about 10 to about 8.0-8.5. This 

makes the protein significantly less basic which could in turn provide beneficial 
effects including better receptor binding and decreased cytotoxicity at the site of 
administration, such as an intrathecal injection site. Second, within the first 26 
amino adds of the mature GDNF amirK> acid sequence are two deamidation sites: 
15 Arg-Asn-Arg (amino adds 14-16) and Glu-Asn-Ser (amino acids 24-26). The 
absence of or>e or t>oth of these sites in a truncated GDNF protein is expected to 
increase the stability of the protein. 

Truncated GDNF Protein Products 

2 0 In a basic enit)odiment, the truncated GDNF proteins of the present 

invention may be represented by the following amino acid sequence wherein the 
amino acid residue numbering scheme of Figure 1 is used to facilitate 
comparison to the mature GDNF protein: 

X-[Cys41.Cys^33).Y 

2 5 wherein 

[Cys^^-Cys^33] represents the ammo add sequence of Cys^^ through 
Cys^33 as depicted in Figure 1 (SEQ ID NO:2); 

Y represents the cart>oxy termtr^l group of Cys^33 3 cart)oxy- 
terminus amino add residue of lie'' 34; and 
30 X represents a methionytated or nonmethionylated amine group of Cys^^ 

or amino-term'tnus amino acid residue(s) select d from the group: 

G 
RG 
NRG 

KNRG (SEQ ID NO:3) 
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G 
KG 







GKG 






RGKG 






SRGKG 






NSRGKG 






ENSRGKG 






PENSRGKG 






NPCNSRGKG 






ANPENSRGKG 




A 


ANPENSRGKG 




AA 


ANPENSRGKG 




AAA 


ANPENSRGKG 




QAAA 


ANPENSRGKG 




RQAAA 


ANPENSRGKG 




NRQAAA 


ANPENSRGKG 




HNRQAAA 


ANPENSRGKG 




ERNRQAAA 


ANPENSRGKG 




RERNRQAAA 


ANPENSRGKG 




HRERNRQAAA 


ANPENSRGKG 


p 


RRERNRQAAA 


ANPENSRGKG 


LP 


RRERNRQAAA 


ANPENSRGKG 


VLP 


RRERNRQAAA 


ANPENSRGKG 


AVLP 


RRERNRQAAA 


ANPENSRGKG 


MAVLP 


RRERNRQAAA 


ANPENSRGKG 


QMAVLP 


RRERNRQAAA 


ANPENSRGKG 


KQHAVLP 


RRERNRQAAA 


ANPENSRGKG 


DKQMAVLP 


RRERNRQAAA 


ANPENSRGKG 


PDKQMAVLP 


RRERNRQAAA 


ANPENSRGKG 



GKNRG (SEQIDN0:4) 
RGKNRG (SEQIDN0:5) 
QRGKNRG (SEQ ID NO:6) 
GQRGKNRG (SEQ ID N0:7) 
RGQRGKNRG (SEQ ID N0:8) 
RRGQRGKNRG (SEQ ID N0:9) 
RRGQRGKNRG (SEQ ID NO: 10) 
RRGQRGKNRG (SEQ ID NO: 11) 
RRGQRGKNRG (SEQ ID NO: 12) 
RRGQRGKNRG (SEQ 10 NO: 13) 
RRGQRGKNRG (SEQ ID NO: 14) 
RRGQRGKNRG (SEQIDN0:15) 
RRGQRGKNRG (SEQ ID NO: 16) 
RRGQRGKNRG (SEQ ID NO: 17) 
RRGQRGKNRG (SEQ ID NO: 18) 
RRGQRGKNRG (SEQ ID NO: 19) 
RRGQRGKNRG (SEQ ID NO 20) 
RRGQRGKNRG (SEQ ID NO .21) 
RRGQRGKNRG (SEQ ID NO 22) 
RRGQRGKNRG (SEQ ID NO:23) 
RRGQRGKNRG (SEQ ID N024) 
RRGQRGKNRG (SEQ ID N0.25) 
RRGQRGKNRG (SEQ ID N026) 
RRGQRGKNRG (SEQ ID NO:27) 
RRGQRGKNRG (SEQ ID NO:28) 
RRGQRGKNRG (SEQ ID NO:29) 
RRGQRGKNRG (SEQ ID NO:30) 
RRGQRGKNRG (SEQIDN0.31) 
RRGQRGKNRG (SEQ 10 NO:32) 
RRGQRGKNRG (SEQ ID NO:33) 
RRGQRGKNRG (SEQ ID NO:34) 
RRGQRGKNRG (SEQ ID NO:35) 
RRGQRGKNRG (SEQ ID NO:36) 
RRGQRGKNRG (SEQ ID NO:37) 
RRGQRGKNRG (SEQ ID NO:38) 
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As used herein, the term "truncat d GDNF protein product" includes 
biologically active synthetic or recombinant truncated GDNF proteins, truncated 
GDNF proteins produced from mature GDNF, biologically active truncated GDNF 
variants (including insertion, substitution and deletion variants), and 
S chemically modiTied derivatives thereof. Also included are truncated GDNF 

proteins that are substantially homologous to the human GDNF protein having the 
amiru) acid sequerKe set forth in SEQ ID NO:2. 

The term "biologically active" as used herein means that the truncated 
GDNF protein demonstrates similar neurotrophic properties, but not necessarily 
1 0 all of the same properties, and not necessarily to the same degree, as the GDNF 
protein having the amino acid sequence set forth in SEQ ID NO:2. The selection of 
the particular neurotrophic properties of interest depends upon the use for 
which the truncated GDNF protein product is being administered. The truncated 
GDNF protein products are biologically active and demonstrate dopaminergic 

1 5 neuron survival characteristics similar to that demonstrated by mature GDNF 

protein using the evaluation of dopamine uptake and tyrosine hydroxylase (TH) 
expression as an exemplary bioassay, as discussed in the exanples, below. 

The term ''substantially homologous", as used herein, means a degree of 
homology to the human GDNF having the amino add sequence set forth in SEQ ID 

2 0 NO:2 that is preferably in excess of 70%. most preferably in excess of 80%, and 

even more preferably in excess of 90% or even 95%. The percentage of 
homology as descrit>ed herein is calculated as the percentage of amino add 
residues found in the smaller of the two sequerKes which align with identical 
amino acid residues in the sequence being compared when four gaps in a lerigth of 

2 5 100 amino adds may be Introduced to assist in that alignment as set forth by 

Dayhoff, in Atias of Protein Sequence and Stmcture Vol. 5, p. 124 (1972), 
National Biochemical Research Foundation, Washington, D.C.. the disdosure of 
which is hereby incorporated by refererKe. Also included as sut>stantially 
homologous is any trurtcated GDNF protein which may be isolated bf virtue of 

3 0 cross-reactfvity with antibodies to the GDNF of SEQ ID N0:2 or wtK>se genes may 

be isolated through hybridization with the ger>e or with segments of the gene 
encoding the GDNF of SEQ ID NO:1 . 

As will be apparent to those skilled in the art upon reading the pr sent 
description, substantially homologous proteins will involv one or nK>re 
3 5 d letions from, or additions or substitutions to, th amin acid residues of th 

truncated GDNF pr tein r presented by X-[Cys41-Cys^33|.Y. Th production 
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of such variants is describ d in further detail b low. It will be furth r 
appreciated that because the present invention clearly addresses *1runcated" 
GONF proteins, the amino-terminus addition vahants are contemplated as 
including the addition of a methionine residue, or non-GDNF amino acid residue 
5 or sequerK^e. but do not include the addition of an amino add residue(s) that 

would result in the reconstruction of the mature GDNF protein. Truncated GDNF 
proteins based upon naturally occurring allelic mutants or variants are also 
within the scope of the present invention. The production of variant truncated 
GDNF protein is descrit>ed in further detaU below. 
1 0 Lin et al. (U.S. Patent Application No. 08/182.183, supra ) described 

the truncation of mature GDNF at the carboxyl terminus by proteolytic 
processing of the Lys-Arg residues which are the sixth and fifth residues, 
respectively, from the cart>oxyl terminal end of mature GDNF (i.e., Lys^29. 
Arg^^O according to the amino acid residue numbering of Figure 1 (also as in 

1 5 SEO ID NO:1 or SEQ 10 NO:2). Such a truncation would eliminate two cysteine 

residues from the mature GDNF protein. This would be likely to result in 
improper folding of the protein, and therefore, would result in the formation of 
an inactive protein. In contrast, the X-{Cys^'-Cys^33|.Y truncated GDNF 
protein products of the present invention retain the Cys^^^ and Cys^^^ 

2 0 residues and are active proteins as determined by dopamine uptake assay. 

In one embodiment of the present invention, preferred trur>cated GDNF 
protein products lack one or more deamidation sites. Such a lack of deamidation 
sites would result in the enharKed biochemical stability of the purified protein 
and a decrease in posstt)le degradation products, thereby resuttkig in a more 

2 5 storage stat>le protein. An exemplary truncated GONF protein product is the 

[Ser^^-lle^^^] truncated GDNF protein which lacks the sites which otherwise 
may lead to deamklation of the mature protein. Alternatively, the (Arg^^- 
Ile13^1 truncated GONF protein would lack at least the first deamidation site 
otherwise present in the mature protein. 
30 A currently preferred truncated GDNF protein product is (Arg32< 

lle^3^] truncated GDNF protein. This truncated GDNF protein lacks the site at 
or near which prot lytic clipping of the mature protein occurs. Therefor . this 
truncated GDNF protein is expected to be resistant to the processing vent whk:h 
may also occur in vivo. Another currently preferred trufv:ated GDNF protein 

3 5 product is the [Lys^^^He^ 34| truncated GDNF protein. This truncation would 

further reduce the pi of the truncated protein, as would other truncations in 
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which residues up to and including Gly^^ and lle^^^ are removed from the N- 
and C-temtinals. respectively. The presently most preten-ed truncated GDNF 
protein products retain all of the cysteine residues found in mature GDNF 
protein^ but lack any discernible sites for rapid proteolytic processing of the 
5 truncated GDNF protein during expression and manufacturing or following in 
vivo administration. These preferred proteins include the IArg32.||e134j 
IGIy33-lle13*l. [Gln34.||e1 34j^ (Arg35,||e134j^ IGIy36.||e1 34], 
ILys37.||e134j^ IAsn38.||e134] and [Arg39-||e^34j truncated GDNF protein 
products. 

1 0 Similar to the results previously described for mature GDNF by Un et al. 

(U.S. Patent Application No, 07/855,413, supra), the truncated GDNF proteins 
of the present invention have demonstrated the ability to increase dopamine 
uptake by the embryonic precursors of the substantia nigra dopaminergic 
neurons. Bioassays of the truncated GDNF proteins are furtfier described in 

1 5 Example 4. below. 

The novel truncated GDNF proteins are typk:aliy isolated and purified to 
form truncated GDNF proteins which are substantially free from the presence of 
other (non-GDNF) proteinaceous materials. Preferably, the truncated GDNF 
protein products are about 80% free of other proteins whk:h may be present due 
20 to the production technique used in the manufacture of the truncated GDNF 
protein product. More preferably, the truncated GDNF protein products are 
about 90% free of other proteins, particularly preferably, about 95% free of 
other proteins, and most preferably at>out >98% free of other proteins. In 
addition, the present invention furnishes the unique advantage of provkling 

2 5 polynudeotMe sequences for the manufacture of homogeneous trurKated GDNF 

proteiris. For example, the use of the polynucleotide sequence encoding the 
[Arg32.||e134] truncated GDNF protein allows the recombinant production of 
the truncated GDNF protein in E. coli and otf>er appropriate expresskxi systems. 
In other words, the rK>vel polynucleotides altow the productk)n of truncated GDNF 

3 0 proteins which are r>ot susceptible to proteolytic processing, or which have 

reduced susceptibility to such processing or other biocl>emical processing eff cts 
as described above. Thus, the novel polynucleotkles make it easi r to pr pare 
arKi/or isolate single sp ctes truncated GDNF proteins, and therefor , the 
truTKated GDNF proteins and/or products thereof do not contain or contain 
3 5 decreased anr>ounts of the above-described mixtur of h tero* and homodimers. 
it will be appreciated, how ver. that the final truncated GDNF protein pr ducts 
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may be combined with other factors, chemical compositions and/or suitabi 
pharmaceutical fomiulation materials prior to administration, as described in 
further detail below. 

In one aspect of the present invention, the truncated GDNF proteins are 
5 advantageously produced via recombinant techniques because they are capable of 
achieving comparatively higher amounts of protein at greater purity. 
Recombinant truncated GDNF protein forms include glycosylated and 
non*glycosylated forms of the protein, and protein expressed in bacterial, 
mammalian or insect cell systems. Alternatively, the truncated GDNF proteins 
1 0 may be chemically synthesized, Cunentiy preferred production methods are 
described in greater detail below. 

Tmncated GDNF Variants and Derivatives 
A. Tmncated GDNF Variants 

1 5 Another aspect of the present invention includes variants of truru^ated 

GDNF protein. The term "truncated GDNF protein products" as used herein 
includes variant proteins in which amino acids have been deleted from ("deletion 
variants"), inserted into ("addition variants"), or substituted for ("substitution 
variants"), residues within the amino acid sequence of naturally-occurring 

2 0 GDNF. Such variants are prepared t>y introducing appropriate nucleotide changes 

into the DNA encoding the protein or by in vitro chemical synthesis of the desired 
protein. It will be appreciated by those skilled in the art that many combinations 
of deletions, insertions, and substitutions can be made provided that the final 
protein possesses GDNF biological activity. 

2 5 Mutagenesis techniques for the replacement, insertion or deletion of one 

or more selected amino add residues are well known to one skilled in the art 
(e.g., U.S. Pat. No. 4,518,584, the disctosure of which is hereby incorporated 
by reference.) There are two principal variables in the constructk>n of amino 
acid sequerKe variants: the location of the mutatk>n site and the nature of the 

3 0 mutation. In designing truncated GDNF variants, the locatk>n of the mutation site 

and the nature of the mutation will depend on the biochemk:al characteristic(s) 
to be modified. The mutation sites can t>e modified individually or in series, .g.. 
by (1) substituting first with conservative amino acid ch ices and then with 
more radical selections dep rnJing upon the results achi ved, (2) deleting the 
3 5 target amino acid residue, or (3) inserting amino acid residues adjacent to the 
k)cated site. 
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Amino acid sequence deletions generally range from about 1 to 30 amino 
acid residues, more usually from at>out 1 to 1 0 residues, and typically from 
about 1 to 5 residues. For example, deletions in the "X* portion of the amino 
acid residues located N*terminally to Cys^^ may range from approximately 1 to 
5 30 residues, while deletions between the cysteine residues of (Cys*^-Cys^33j 
are typically from about 1 to 5 residues, depending on the location, so as not to 
disrupt protein folding. Deletions within the truncated GDNF proteins may be 
made in regions of low homology with transforming growth factor-beta (TGF-p) 
family members. Deletions from truncated GDNF proteins in areas of substantial 
1 0 homology with other TGF-p family sequences will be more likely to modify the 
biological activity nrK>re significantly. The number of total deletions and/or 
consecutive deletions will be selected so as to presence the tertiary structure of 
truncated GDNF protein in the affected domain, e.g., cysteine crosslinking. 
Amino acid sequence additions may include amixvy- and/or carboxyi- 

1 5 temriinal fusions ranging in length from one residue to one hundred or more 

resklues. as well as internal intrasequence insertior\s of single or multiple 
amino acid residues. Internal additions may range generally from about 1 to 10 
amino acid residues, more typically from about 1 to 5 amino acid residues, and 
usually from about 1 to 3 amino acid residues. As described above, the amirK)- 

2 0 terminus additk>n variants of the present invention are contemplated as including 

the addition of a methionine (for example, as an artifact of the direct expression 
of GDNF in bacterial recombinant cell culture) or a nor>*GDNF amino acid 
residue or sequence. Amino-terminus addition variants do not involve the 
addition of an amno acid residue(s) that would result in the reconstruction of 

2 5 the mature GDNF protein. A further example of a terminal uisertion irtdudes th 

fusion of a heterologous N-terminal signal sequence to the N-temriinus to 
facilitate the secretion of protein from recombinant host cells. Such signal 
sequences generally will be obtained from, and thus be homologous to, the 
intended host cell species. Insertions or additions may also include amino acid 

3 0 sequences derived from the sequerKe of other r^eurotrophk: factors. 

Another group of variants ar amiru) add substitution variants. These 
variants have at least on amirK) add residu in th truncated GDNF prot in 
remov d and a different r sidue inserted in its place. See, for exanrv>le. 
Figure 5 wher in naturally occurring Asn22 was changed to Ser to fadlitate 
35 further removal of the Met resWue. Using tf>e X-lCys^^-Cys^33]-Y amino acid 
sequence representation af>d tfie present definition of truncated GDNF protein 
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products, such a truncated QDNF protein may be referred to either as a 
substitution variant Met-(Asn22ASer22.||e134j truncated GDNF protein or an 
addition variant Met-Ser-[Pro23,||e134] truncated GDNF protein. 
Substitution variants include allelic variants, which are characterized by 
5 naturally-occurring nucleotide sequence changes in the species population that 
may or may not result in an amino acid change. 

Specific mutations of the sequences of the truncated GDNF proteins may 
involve modifications of a glycosylation site (e,g.. serine, threonine, or 
asparagtne). The absence of glycosylation or only partial glycosylation may 
1 0 result from amino acid substitution or deletion at any asparagine-linked 

glycosylation recognition site or at any site of the protein that is modified by the 
addition of an O-linked cart>ohydrate. An asparagine-linked glycosylation 
recognttk>n site comprises a tripeptide sequence which is specifically recognized 
by appropriate cellular glycosylation enzymes. These tripeptide sequences are 

1 5 either Asn-Xaa-Thr or Asn-Xaa-Ser. where Xaa can t>e any amino acki other than 

Pro. A variety of amino acid substitutions or deletions at one or both of the first 
or third amino acid positions of a glycosylatk>n recognition site (and/or amino 
ackl deletion at the second position) result in non-glycosylatk)n at the modified 
tripeptide sequence. Thus, the expression of appropriately altered nucieotkie 

2 0 sequences produces variants which are rK>t glycosylated at that site. 

Alternatively, the sequer>ce may t>e modified to add glycosylation sites to the 
truncated GDNF protein. 

One method for klentifying truncated GDNF amino acid resklues or regk)ns 
for mutagenesis is called "alanine scanning mutagenesis" as described by 

2 5 Cunningham and Wells {Science, 244: 1081-1085. 1989). In this method, an 

amino acid residue or group of target residues are klentified (e.g.. charged 
resklues such as Arg. Asp, His, Lys, and Glu) and replaced by a neutral or 
negatively charged amino acid <most preferably alanine or poiyalantrie) to effect 
the interactton of the amino acids with the surrourKiing aqueous environment in 
30 or outside the cell. Those domains demonstratvig functbnal sensitivity to the 
substitutions then are refined by introducing additior^al or altemate residues at 
the sites of ^substitution. Thus, the site for introducir>g an amino add sequence 
modification is predetermin d, and to optimize the performance of a mutatk)n al a 
given site, alanine scanning or random mutag nesis may t>e conducted and the 

3 5 variants are scr ened for the optimal combinatk)n of desired activity and degr e 

of activity. 
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The sites of greatest interest for substitutional mutagenesis include sites 
where the amino acids found in GDNF proteins from various species are 
substantially different in terms of side-chain bulk, charge, and/or 
hydrophobicity. Other sites of interest include those in which particular 
5 residues of GDNF-like proteins, obtained from various species, are identical. 
Such positions are generally important for the biotogical activity of a protein. 
Initially, these sites are modified by substitution in a relatively conservative 
manner. Such conservative substitutions are shown in Table 1 under the heading 
of preferred substitutions. If such substitutions result in a change in biological 
1 0 activity, then more substantial changes (exemplary substitutions) are 

introduced and/or other additions/deletions may be made, and the resulting 
products screened. 



TABLE 1 



IS 



Amino Acid Substitutions 



Original Residue 



Preferred 
Substitutions 



Exemplary 

Substitutions 



Lys (K) 
Met (M) 
Phe (F) 
Pro (P) 
Ser (S) 
Thr (T) 
Trp (W) 
Tyr (Y) 
Val (V) 



Ala (A) 
Arg (R) 
Asn (N) 
Asp (0) 
Cys (C) 
Gin (Q) 
Glu (E) 
Gly (G) 
His (H) 
lie (I) 



Leu (L) 



Gly 
Thr 
Ser 
Tyr 
Phe 
Leu 



Val 
Lys 
Gin 
Ghj 
Ser 
Asn 
Asp 
Pro 
Arg 
Leu 



Arg 
Leu 
Leu 



lie 



Val; Leu: He 

Lys; Gin; Asn 

Gin; His; Lys; Arg 

Glu 

Ser 

Asn 

Asp 

Pro 

Asn; Gin; Lys; Arg 
Leu; Val; Met; Ala; 
Phe; norleucine 
norteuclne; He; Val; 
Met; Ala; Phe 
Arg; Gin; Asn 
Leu; Phe; He 
Leu; Val; He; Ala 
Gly 
Thr 
Ser 
Tyr 

Trp: Phe; Thr; Ser 
He; Leu; Met; Phe; 
Ala: norleucine 



Conservative modifications to the amino acid sequenc (and the 
correspondir)g modifications to the encoding nucleic acid sequences) are xpected 
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to produce truncated GDNF proteins having functional and chemical 
charact ristics similar to those of the truncated GONF prot ins d scribed in the 
Examples, below. In contrast, substantial modifications in the functional and/or 
chemical characteristics of trurK:ated GDNF proteins may t>e accomplished by 
5 selecting substitutions that differ significantly in their effect on maintaining (a) 
the structure of the polypeptide backbone in the area of the substitution, for 
example, as a sheet or helical conformation, (b) the charge or hydrophobicity of 
the protein at the target site, or (c) the bulk of the side chain. Naturally 
occurring reskiues are divided into groups based on common skle chain 
1 0 properties: 

1) hydrophobk:: norleucine. Met. Ala. Val. Leu. lie; 

2) neutral hydrophilic: Cys, Ser. Thr; 

3) acidic: Asp, Glu; 

4) bask:: Asn, Gin. His, Lys, Arg; 

15 5) residues that influence chain orientation: Giy, Pro; and 

6) aromatk:: Trp. Tyr. Phe. 

Non-conservative substitutk)ns may involve the exchange of a member of 
one of these classes for arrather. Such substituted residues may be introduced 
into regions of the truncated GDNF proteins that are homologous with other TGF- 
20 p proteins, or into the non-homologous regiorts of the protein. 

B. Tomcated GDNF Derivatives 

Chemically modified derivatives of truncated GDNF or truncated GDNF 
variants may t>e prepared by one skilled in the art given the disctosures herein. 

2 S The chemical moieties most suitable for derivatization of truncated GDNF 

proteins inckide water soluble polymers. A water soluble polymer is desirable 
because the protein to wtuch it is attached does rK>t precipitate in an aqueous 
environment, such as a physiok>gical environment. Preferably, the polymer 
will be phaffmaceutically acceptable for the preparatk>n of a therapeutk: product 

30 or compositen. One skilled in the art will be able to select the desired potym r 
based on such consklerations as whether the polymer/protetoi conjugate wiN be 
used th rapeutically. and if so, the desired dosage, circulation time, resistanc to 
proteolysis, and other considerations. Th effectiveness of tf^e dertvattzatk>n 
may be ascertained by administering the derivative, in the desired form (i.e., by 

35 osmotic pump, or, mor preferably, by injection or infusion, or further 
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formulated for oral, pulmonary or other delivery routes), and det rmining its 
effectiveness. 

Suitable water soluble polymers include, but are not limited to. 
polyethylene glycol (PEG), copolymers of ethylene glycol/propylene glycol, 
5 monomethoxy-polyethylene glycol, carboxymethylcellulose, dextran, polyvinyl 
alcohol, polyvinyl pyrrolidone, poly-1, 3-dioxolane, poly-1,3,6-trioxane. 
ethylene/maleic anhydride copolymer, polyaminoacids (either homopolymers or 
random copolymers), poly(n-vinyl pyrrolidone)polyethylene glycol, 
propropylene glycol homopolymers, prolypropylene oxide/ethylene oxide 
1 0 co-polymers, polyoxyethylated polyols (e.g., glycerol), polyethylene glycol 
propionaidehyde, and mixtures thereof. As used herein, polyethylene glycol is 
meant to encompass any of the fomis of PEG that have been used to derivatize 
other proteins, such as mono-(CI-CIO) alkoxy- or aryloxy-polyethyiene 
glycol. Polyethylene glycol propionaidehyde may have advantages in 

1 5 manufacturing due to its stability in water. The polymer may be of any 

molecular weight, and may be branched or unbranched. 

The present invention particularly relates to truncated GDNF protein 
products involving truncated GDNF protein linked to at least one PEG molecule. 
In another aspect, the present invention relates to truncated GDNF protein 

2 0 attached to at least one PEG nK)lecule via an acyl or alkyi linkage. 

Pegylation may be carried out by any of the pegylation reacttons known in 
the art. See, for example: Focus on Growth Factors 3(2): 4-tO (1992); EP 0 
154 316; EP 0 401 384; and Malik et al., Exp. HematoL 20: 1028-1035 
(1992) (reporting pegylation of GM-CSF using tresyl chloride). Preferably, 

2 5 the pegylation is carried out via an acylatk>n reaction or an alkylatkm reactk>n 

with a reactive water soluble polymer. These preferred means for derivatization 
are discussed in greater detail, below. For the acylatk>n reactions, the 
polymer(s) selected preferably have a single reactive ester group. For the 
reductive alkylatton reactioris, the polymer(s) selected preferably have a single 

3 0 reactive aklehyde group. In ad<fition, the selected polymer may be modified to 

have a singi r active group, such as an active ester for acylatkxi or an aldehyde 
for alkylatk>n, so that the degree f polymerization may be controlled. 
Generally, the water soluble polymer will not b selected from naturally- 
occurring glycosyl residues since these are usually mad more conveniently by 
35 mammalian recombinant expressk)n systems. 
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Acvlation 

In the present invention, pegylation by acylation generally involves 
reacting an active ester derivative of polyethylene glycol with a truncated GDNF 
protein. Any known or subsequently discovered reactive PEG molecule may be 
5 used to carry out the pegylation process. A preferred activated PEG ester is PEG 
esterified to N-hydroxysuccinimide ("NHS"). As used herein, "acylation" is 
contemplated to included without limitation the following types of linkages 
between a trur)cated GDNF protein and a water soluble polymer such as PEG: 
amide, carbamate, urethane. and the like. See Bioconjugate Chem. 5: 133«140 
1 0 (1994). Reaction conditions may be selected from any of those known in the 
pegylatk)n art or those subsequently developed, but should avokl or limit 
exposure to reaction conditions such as temperatures, solvents, and pH levels 
that would ir^ctivate the truncated GDNF protein to be modified. 

Pegylatk>*n by acylation will generally result in a poly*pegylated 

1 5 truncated GDNF protein, wherein the lysine e-amino groups are pegylated via an 

acyi linking group. Preferably, the connectir^g linkage will be an amkle. Also 
preferably, the resulting product will be substantially only (e.g., ^ 95%) 
mono-, di- or tri- pegylated. However, some conjugates with higher degrees of 
pegylatk>n may be formed in amounts depending on the specific reactk>n 

2 0 conditions used. If desired, more purified pegylated conjugates may be prepar d 

from the mixture by starujard purification techniques, including, among others, 
dialysis, salting-out, ultrafiltration, ion-exchange chromatography, gel 
filtration chromatography and electrophoresis. 

25 Alkytation 

In the present inventk)n, pegylation by alkylation generally involves 
reacting a terminal akiehyde derivative of PEG with a truncated GDNF protein in 
the presence of a reducing agent. Pegylation by alkylation can also result in a 
poly-pegylated trur^cated GDNF protein. In addition, one can manipulate the 

3 0 reaction conditions to favor pegylation substantially only at the a-amino group 

of the N-terminus of the protein (i.e., a mono-pegylated species). In either case 
of mono-pegylation or polypegytation. the PEG groups are preferably attached to 
the prot in via a -CH2-NH- gr up. With particular reference to the -CH2- 
group, this type of linkage is r ferr d to her in as an "alkyl" linkag . 
3 5 Selective N-terminal ch mical modification may be accomplished by 

reductive alkylation which exploits differential reactivity of different types of 



wo 97/1 1964 PrT/llS96/l 491 5 



- 25 - 

primary amino groups (lysine versus the N-t rminal) available for 
derivatization in a particular protein. Under the appropriate reaction 
conditions, substantially selective derivatization of the protein at the 
N-terminus with a cartK>nyl group*containing polymer is achieved. For 
5 example, one may selectively N*terminalty pegylate the protein by performing 
the reaction at a pH which allows one to take advantage of the pKa differences 
between the c-amino group of the lysine residues and that of the a*amino group 

of the N-terminal residue of the protein. By such selective derivatization, 
attachment of a water soluble poiymer to a protein is controlled: the conjugation 
1 0 with the polymer takes place predominantty at the N*terminus of the protein and 
no significant modification of other reactive groups, such as the lysine side chain 
amino groups, occurs. Using reductive alkylation, the water soluble polymer 
preferably has a single reactive aldehyde for coupling to the protein. 
Polyethylene glycol propionaldehyde. containing a single reactive aldehyde, may 

1 5 be used. 

The present invention includes pegylated truncated GONF proteins, 
wherein the PEG group(s) is (are) attached via acyl or alkyi groups. As 
discussed above, such truncated GONF protein products may be nK>no-pegyiated 
20 or poly-pegylated (e,g„ containing 2-6, preferably 2-5. PEG groups). The PEG 
groups are generally attached to the protein at the o- or e-amino groups of 
amino acids, but it is also contemplated that the PEG groups couM t>e attached to 
any reactive group of to the protein, which is sufficiently reactive to t>ecome 
attached to a PEG group under suitable reaction conditions. Thus, polyethylene 

2 5 glycol may be covalentty bound to a protein via a reactive group, such as, a free 

amino or cart>oxyl group. Reactive groups are those to which an activated PEG 
molecule may be bound. The amino add reskJues having a free ammo group nnay 
include lysine residues and the N-terminal amino acid reskjue. Those havir^g a 
free carboxyl group may include aspartic ackl residues, glutamic add resklues, 

3 0 and the C-terminal amiru) add residue. Sulfhydryl groups may also t>e used as a 

reactive group for attaching PEG molecul (s). For therapeutic purposes, 
attachm nt at an amirK) group, such as attachment at the N-termmus or lysine 
group is typically preferred. Attachment at residues important for receptor 
binding should be avoided if receptor binding is desired. 
3 5 In one aspect, th pr sent inventi n provides for a substantiaOy 

homog neous preparation of mono-polym r/truncated GDNF prot in conjugat 
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wherein a polym r mol cule has been attached substantially only (i.e., > 957o) 
in a single location. More specifically, if PEG is used, the present invention also 
provides for pegylated a truncated GONF protein lacking possibly antigenic 
linking groups, and having the PEG molecule directly coupled to the truncated 
5 GDNF protein. 

In addition, derivatives may be prepared using glycosylated, non- 
glycosylated or de-gtycosylated truncated GDNF proteins. Typically, non- 
glycosylated truncated GONF proteins are used. For example, the prokaryote- 
expressed IArg32-|ie134] truncated GDNF protein may be chemically 
1 0 derivatized to include mono- or poly-, e.g.. 2-4. PEG moieties, attached via an 
acyl or alkyi group): 

In general. chemk:al derivatization may be performed under any suitable 
condition used to react a biologically active substance with an activated polymer 
molecule. Methods for preparing pegylated truncated GONF proteiris will 

1 5 generally comprise the steps of (a) reacting a truncated GDNF protein with 

polyethylene glycol (such as a reactive ester or aldehyde derivative of PEG) 
under conditions whereby the truncated GONF protein becomes attached to one or 
more PEG groups, and (b) obtaining the reaction product(s). In general, the 
optimal reaction conditions for the acylation reactions will be determined case* 

2 0 by-case based on known parameters and the desired result. For example, the 

larger the ratk> of PEGiprotein. the greater the percentage of poly-pegylated 
product. The optimum ratk> (in terms of effk:iency of reaction in that there is no 
excess unreacted protein or polymer) may be determined by factors such as the 
desired degree of derivatization (e.g., mono-, di-. tri-, etc.). the molecular 

2 5 weight of the polymer selected, whether the polymer is tKanched or unbranched, 

and the reactk>n conditions used. 

Reductive alkylation to produce a substantially homogeneous populatton of 
mono-polymerAruncated GONF protein conjugate will generally comprise the 
steps of (a) reacting a truncated GONF protein with a reactive PEG molecule 

3 0 under reductive alkylafion conditions, at a pH suitable to permit selective 

oKxlificatton of the a -amino group at the amino terminus of the truncated GDNF 
protein, and (b) obtaining the reaction product(s). 

For a substantially homogeneous population of mono*potymerAruncated 
GDNF pr tein conjugate, th reductive alkylation reaction conditk>ns are those 
3 5 which p rmtt the selective attachment of the water soluble polym r moiety to the 
N-terminus of a truncated GONF protein. Such r action conditions g nerally 
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provide for pKa differences between the lysine amino groups and the a-amino 
group at the N-terminus (the pKa being the pH at which 50% of the amino 
groups are protonated and 50% are not). The pH also affects the ratio of polym r 
to protein to be used. In general, if the pH is lower, a larger excess of polym r 
5 to protein will be desired (i.e.. the less reactive the N*terminal a-amino group, 
the more polymer needed to achieve optimal conditions). If tt>e pH is higher, th 
polymertprotein ratio need not be as targe (i.e.. more reactive groups are 
available, so fewer polymer molecules are needed). For purposes of the present 
invention, the pH will generally fall within the rar>ge of 3-9. preferably 3-6. 
1 0 Another consideration is the molecular weight of the polymer. In gen ral. 

the higher the molecular weight of the polymer, the fewer the number of 
polymer nriolecules which may be attached to the protein. Similarly, brar>ching 
of the polymer sfiould be taken into account when optimizing these parameters. 
Generally, the higher the molecular weight (or the more branches) the higher 

1 5 the polymer:protetn ratio. In general, for the pegylation reactions contemplated 

herein, the preferred average molecular weight is about 2 kDa to about 100 kDa 
(the term "about" indicating that in preparations of polyethylene glycol, some 
molecules will weigh more, some less, than the stated molecular weight). Th 
preferred average molecular weight is about 5 kDa to about 50 kDa, particularly 
20 preferably about 12 kDa to about 25 kDa. The ratio of water-soluble polymer to 
truncated GDNF protein will generally range from 1:1 to 100:1, preferably (for 
potypegylation) 1:1 to 20:1. and (for mono-pegyiation) 1:1 to 5:1. 

Using the conditions indicated above, reductive alkylation will provide for 
selective attachnr^nt of the polymer to any truncated GDNF protein having an 

2 5 a-amino group at the amino terminus, and provkle for a substantially 

homogenous preparation of mono-polymerAruncated GDNF protein conjugate. 
The tenm "mono-polymer/trurKated GDNF protein conjugate* is used here to 
mean a derivative containirtg a single polymer molecule attached to a truncated 
GDNF protein. The mono-polymer/truncated GDNF protein conjugate preferat>ly 
30 will have a polymer molecule k>cated at the N-terminus. but rK>t on lysine amino 
side groups. The preparation will preferably be greater than 90% mono- 
polymerAruncated GDNF protein conjugate, and more preferably greater than 
95% mono-polymerAruncated GDNF pr tein conjugat . with th remainder of 
observable prot ins b ing unr acted (i.e.. protein lacking the polymer moi ty). 

3 5 For reductive alkytatton, the reducing agent should b stable in aqueous 

solution and preferably be able to reduce nly the Sct>iff base formed in the 
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initial process of reductive alkylation. Exemplary reducing agents may be 
selected from the group consisting of sodium borohydride, sodium 
cyanoborohydride. dimethyiamine borane, trimethylamine borane and pyridine 
borane. A particularly prefenred reducing agent is sodium cyanoborohydrtde. 
5 Other reaction parameters, such as solvent, reaction times, temperatures, etc.. 
and means of purification of products, can be determined case-by*case based on 
commonly available information relating to derivatization of proteins with water 
soluble polymers. 

One may choose to prepare a mixture of polymer/protein conjugates by 
1 0 acylation and/or alkylation methods, and the advantage provkied herein is that 
one may select the proportk>n of mono-potymer/ protein conjugate to include in 
the mixture. Thus, if desired, one may prepare a mixture of protein having 
various numbers of polymer molecules attached thereto (i.e., di-, tri*, tetra-, 
etc.) and combine with the mono-poiymer/protein conjugate material prepared 

1 5 using the present methods, and have a mixture with a predetermined proportion 

of mono-polymer/protein conjugate. 

Polynucleotides Encoding Tmncated GDNF Proteins 

The present mvention further provides novel polynucleotides which 

2 0 encode truncated GDNF proteins. When used as a hybhdizatkMi probe or 

amplification primer, the nucleic acid sequence will be substantially free from 
all other nudek: acid sequences. For use in recombinant protein expressk)n. the 
nucleic acid sequence will generally be substantially free from nucleic acid 
sequertces encodir^g other proteins, unless a fusk>n protein is intended. Based 

2 5 upon the present descriptk>n and using the universal codon table, one of ordinary 

skill in the art can readily determine all of the nucleic ackJ sequerKes whk:h 
encode the amino ackl sequences of truncated GDNF proteins. Presently preferred 
nuciek: acid sequerices include those polynucleotides encoding the (Argl^- 
llelS^l, (Ser26.||o134)^ [Arg32.|ie1 34]^ and lLys37-ne134] truncated 
30 GDNF proteins. Examples of a variety of polynucleotkjes are depk:ted in Figures 
5, 6 arKJ 7 as well as those porttons of Figures 1, 3 and 4 whk:h encode truncated 
GDNF pr teins. It will also be appr ciat d by those skilled in the art that the 
novel polynucleotides which er)code truncated GDNF proteins iridude those 
nucleic acid sequences encoding variant truncated GDNF proteins, whether man- 

3 5 made or riaturally occurring. 
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Recombinant xpression t chniques, conduct d in accordance with the 
descriptions set forth below, may be followed to produce these polynucleotides 
and express the various truncated GDNF proteins. For example, by inserting a 
nucleic acid sequence which encodes a truncated GDNF protein into an appropriate 
5 vector, one skilled in the art can readily produce large quantities of the desired 
nucleotide sequence. The sequences can then t>e used to gerierate detection probes 
or amplification primers. Attemattvely, a polynucleotide encoding a truncated 
GDNF protein can be inserted into an expression vector. By introducing tt>e 
expression vector into an appropriate tiost. the desired truncated GDNF protein 

1 0 may be produced in large amounts. 

As further descrit>ed herein, there are numerous hostA/ector systems 
available for the propagation of nucleic acid sequences and/or the production of 
truncated GDNF proteins. These include, but are not limited to, plasmid, viral 
and insertional vectors, and prokaryottc and eukaryotic hosts. One skilled in the 
15 art can adapt a host/vector system which is capable of propagating or expressing 
heterobgous DNA to produce or express the sequences of the present inventk^n. 

By means of such recombinant techniques, the truncated GDNF proteins of 
the present invention are readily produced in commercial quantities. 
Furthenmore, it will be appreciated by those skilled in the art that, in view of 

2 0 the present dtsck>sure. the novel nuciek: acid sequences iru^iude degenerate 

nucleic acid sequences encoding the truncated GDNF proteins specifkrally set 
forth in the Figures, variants of such truncated GDNF proteins, and those nucleic 
acid sequences which hybridize, preferably under stringent hybridization 
conditions, to complements of these nucleic acid sequer>ces (see. Maniatis et. ai., 

2 5 Molecular Cloning (A Laboratory Manual); Cold Spring Harisor Laboratory, pages 

387 to 389. 1962.) Exemplary stringent hybridization conditions are 
hybridizatkxi in 4 x SSG at 62-67X. followed by washing in 0.1 x SSC at 62- 
e/'^C for approximately an hour. Alternatively, exemplary stringent 
hybridization conditions are hybridization in 45-55% formamide, 4 x SSC at 

3 0 40-45''C. DNA sequences which hybridize to the complementary sequerK:es f r 

truncated GDNF protein under relaxed hybridization conditk)ns and which encode 
a truncated GDNF protein of the pr sent inventk>n are also ir>cluded her in. 
Examples of such relaxed stringency hybridization conditior^s are 4 x SSC at 45- 
55**C or hybridization with 30-40% formamide at 40-45'*C. 
3 5 Also pr vided by the pr sent inventi n are r combir>ant DNA constructs 

involvir>g vector DNA together with the DNA sequence encoding a truncated GDNF 
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protein, in such DNA constructs, th nuci ic acid sequence encoding truncated 
GDNF protein (with or without signal peptides) is in operative association with a 
suitable expression control or regulatory sequence capable of directing the 
replication and/or expression of the truncated GDNF protein in a selected host. 

5 

Recombinant Expression of Truncated GDNF Protem 

Preparatio n of Polynucleotides encoding Trun cated GDNF 

A nudeic add sequence erK:oding truncated GDNF. or a mature GDNF 

starting material, can readily be obtained in a variety of ways, including, 

1 0 without limitation, chemical synthesis, cDNA or genomic library screening, 

expression library screening, and/or PGR amplification of cDNA. These methods 
and others useful for isolating such nucleic add sequences are set forth, for 
example, by Sambrook et al. {Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989), by Ausubel et 
15 a/., eds {Current Protocols in Molecular Biology, Current Protocols Press. 

1994). and by Berger and Kimmel {Methods in Enzymology: Guide to Molecular 
Cloning Techniques, vol. 152, Academic Press, Iru:., San Diego. CA, 1987). 
Preferred nudeic ackJ sequences encoding GDNF are mammalian sequerK:es. 

Chemical synthesis of a nudeic add sequerK:e which encodes a truncated 

2 0 GDNF protein can also be accomplished using methods well known in the art, such 

as those set forth by Ertgels et al. {Angew, Chem. IntL Ed,, 28:716-734. 1989). 
These methods indude. inter alia, the phosphotriester. phosphoramidite and H- 
phosphonate methods of nudeic add sequence synthesis. The nudeic add 
sequence encoding the truncated GDNF protein will t>e several hurKjred base pairs 

2 5 (bp) or nudeotides in length. Large nucleic acid sequer^es. for example thos 

larger than about 100 nudeotides in length, can be synthesized as several 
fragments. The fragments can then be ligated together to form a nudek: add 
sequer>ce encoding truncated GDNF protein. A preferred method is polymer* 
supported synthesis ushg standard phosphoramidite chemistry. 

3 0 Alternatively, a suitable nudeic add sequence may be obtained by 

screening an appropriate cDNA library (i.e.. a library prepared from one or 
mor tissue 80urce(s) b li ved to express the prot in) or a genomic library (a 
library prepared fr m total g roomie DNA). The s urce of the cDNA library is 
typically a tissue from any species that is believ d to expr ss GDNF in 
3 5 reasor^ble quantities. The source of the genomic library may be any tissue or 
tissues fr m any mammalian or other sp ci s believed to harbor a ger>e erKoding 
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GDNF or a GDNF homoiogue. The library can be screened for the presence of the 
GDNF cDNA/gene usirtg one or more nucleic acid probes (oligonucleotides, cONA 
or genomic DNA fragments that possess an acceptable level of homology to the 
GDNF or GDNF homoiogue cDNA or gene to t>e cloned) that will hybridize 
5 selectively with GDNF or GDNF homoiogue cDNA(s) or gene(s) present in the 
library. The probes typically used for such library screening usually encode a 
small region of the GDNF DNA sequence from the same or a similar species as the 
species from which the library was prepared. Alternatively, the probes may be 
degenerate, as discussed herein. 
1 0 Library screening is typically accomplished by annealing the 

oligonucleotide probe or cDNA to the clones in the library under conditions of 
stringency that prevent non-specific binding but permit binding of those clone 
that have a significant level of homology with the probe or primer. Typical 
hybridization and' washing stringency conditions depend in part on the size (i.e.. 

1 5 number of nucleotides in length) of the cDNA or oligonucleotide prot>e. ar>d 

whether the probe is degenerate. The probability of obtaining a clor>e{s) is also 
considered in designing the hybridization solution (i.e., whether a cONA or 
genomic library is being screened; if it is a cDNA library, the probability that 
the cDNA of interest is present at a high level). 
20 Where DNA fragments (such as cDNAs) are used as prot>es, typical 

hybridization conditions include those as set forth in Ausubel et al., eds., supra. 
After hybridization, the blot containing the library is washed at a suitable 
stringency, dependir^ on several factors such as probe size, expected homology of 
probe to clone, type of library being screened, number of clones being screened, 

2 5 and the like. Examples of stringent washing solutions (which are usually low in 

ionic strength and are used at relatively high temperatures) are as follows. One 
such stringent wash is 0.015 M NaCI. 0.005 M NaCitrate and 0.1% SDS at 55- 
65<>C. Another such stringent buffer is 1 mM Na2EDTA. 40 mM NaHP04, PH 
7,2, and 1% SDS at about 40-50'*C. One other stringent wash is 0.2 X SSC and 
30 0.1% SDS at about 50-65°C. 

Th re are also exemplary protocols for stringent washing conditions 
where oligonucleotide prot)es ar used t screen cDNA r gerK)mic libraries. For 
example, a first pr tocol us s 6 X SSC with 0.05 percent sodium pyr phosphate 
at a temp rature of betwe n at}out 35 and 62''C. d pending on the length of th 

3 5 probe. For example, 14 base probes are washed at 35-40''C, 17 bas pr b s at 

45-50*'C. 20 base probes at 52-57°C. and 23 bas probes at 57-63**C. The 
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temp rature can be increased 2-3*'C wh re the background non-specific binding 
appears high. A second protocol uses tetramethylammonium chloride (TMAC) for 
washing. One such stringent washing solution is 3 M TMAC, 50 mM Tris-HCI, 
pH 8.0, and 0.2% SDS. 
5 Another suitable method for obtaining a nucleic acid sequence erKoding a 

GONF protein is the polymerase chain reaction (PCR). In this method. 
poly(A)H-RNA or total RNA is extracted from a tissue that expresses GONF. cONA 
is then prepared from the RNA using the enzyme reverse transcriptase. Two 
primers, typically complementary to two separate regions of the GDNF cDNA 
1 0 (oligonucleotides), are then added to the cONA along with a polymerase such as 
Taq polymerase, and the polymerase amplifies the cDNA region between the two 
primers. 

Where the method of choice for preparing the nucleic add sequerKe 
encodir>g the desired truncated GONF protein requires the use of oligonucleotide 

1 5 primers or probes (e.g., PCR, cONA or genomic library screening), the 

oligonucleotide sequerices selected as prot>es or primers should be of adequate 
length arxl sufficiently uruimbiguous so as to minimize the amount of ru^n-specific 
binding that will occur during library screening or PCR amplification. The 
actual sequence of the probes or primers is usually based on cor\served or highly 

2 0 homologous sequences or regions from the same or a similar ger^ from arK>ther 

organism. Optionally, the probes or primers can be fully or partially 
degenerate, i.e., contain a mixture of prot>es/primers. all encoding the same 
amino add sequence, but using different codons to do so. An alternative to 
preparing degenerate prot>es is to place an inosine in some or all of those codon 

2 5 positions that vary by spedes. The oligonucleotide probes or primers may be 

prepared by chemical synthesis methods for ONA as descrit>ed above. 

Truncated GDNF proteins based on these nudeic add sequer>ces ertcoding 
GDNF, as well as mutant or variant sequences thereof, are also contemplated as 
within the scope of the present invention. As descrit>ed above, a mutant or 

3 0 variant sequer^ce is a sequence that contains one or more nucleotide substitutions, 

deletions, and/or insertions as compared to the wild type sequeiKe anxi that 
results in the expression of amino add sequence variations as compar d to th 
wild type amino add sequence. In some cases, naturally occurrir>g GONF amino 
acid mutants or variants may exist, due to the existence of natural allelic 
3 5 variation. Truncated GDNF pr teins bas d on such riaturally occurring mutants 
or variants are also within th scope of the present invention. Preparation of 
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synthetic mutant sequences is also well known in th art, and is described for 
example in Wells et al. {Gene, 34:315, 1985) and in Sambrook et a!., supra. 



Vectors 

5 The cDNA or genomic DNA encoding a truncated GDNF protein is inserted 

into a vector for further cloning (amplification of the DNA) or for expression. 
Suitable vectors are commercially available, or the vector may be specially 
constaicted. The selection or construction of the appropriate vector will depend 
on 1 ) whether it is to be used for DNA amplification or for DNA expression, 2) 
10 the size of the DNA to be inserted into the vector, and 3) the host cell (e.g., 
mammalian, insect, yeast, fungal, plant or bacterial cells) to be transfonned 
with the vector. Each vector contains various components depending on its 
function (amplification of DNA or expression of DNA) and its compatibility with 
the intended host cell. The vector components generally include, but are not 

1 5 limited to. one or more of the following: a signal sequence, an origin of 

replication, one or more selection or marker genes, enhancer elements, 
promoters, a transcription termination sequence, and the like. These 
components may be obtained from riatural sources or synthesized by known 
procedures. The vectors of the present invention involve a nudeic acid sequence 

2 0 which encodes the truncated GDNF protein of interest operatively linked to one or 

more of the following expression control or regulatory sequences capable of 
directing, controlling or otherwise effecting the expression of the truncated 
GDNF protein by a selected host cell. 

25 Signal Sequence 

The signal sequence may be a component of the vector, or it may be a part 
of GDNF DNA that is inserted into the vector. The native GDNF DNA encodes a 
signal sequence at the amino terminus of the protein that is deaved during post* 
translatiortal processing of the protein to form the mature GDNF protein. 

30 Included within the scope of this invention are truncated GDNF polynudeotides 
with the native signal sequence and other pre-pro sequences as well as truncated 
GDNF polynucleotides wher in the native sigrial sequ nc is deleted and replaced 
with a h terologous signal sequence. The heterok>gous signal sequerice s leded 
should be one that is recognized and processed, i.e.. cleaved by a signal peptidase. 

3 5 by the host cell. For prokaryotic host c lis that do not recognize and process the 

native GDNF signal sequence, the signal sequence is substituted by a prokaryotic 
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signal s quence selected, for example, from th group of the alkaline 
phosphatase, penicillinase, or heat-stable enterotoxin II leaders. For yeast 
secretion, the native GDNF signal sequence may be substituted by the yeast 
invertase. alpha factor, or acid phosphatase leaders. In mammalian cell 
5 expression the native signal sequence is satisfactory, although other mammalian 
signal sequences may be suitable. 

Origin of Replication 

Expression and clonirig vectors generally include a nucleic acid sequence 
1 0 that enables the vector to replicate in one or more selected host cells. In cloning 
vectors, this sequence is typically one that enables the vector to replicate 
independently of the host chromosomal ONA, and includes origins of replication 
or autonomously replicating sequences. Such sequences are well kru>wn for a 
variety of bacteria, yeasts, and viruses. The origin of replication from the 

1 5 plasmid pBR322 is suitable for most Gram-negative bacteria and various 

origins (e.g., SV40. polyoma, adenovirus, VSV or BPV) are useful for clontr^g 
vectors in mammalian cells. Generally, the origin of replication component is 
not needed for niammalian expression vectors <for example, the SV40 origin is 
often used only because it contains the early promoter). 

20 

Selection Gene 

The expression and cloning vectors typically contain a selection gene. 
This ger^e encodes a "martcer" protein necessary for the survival or growth of 
the transformed host cells when grown in a selective culture medium. Host c lis 

2 5 that were not transformed with the vector will not contain the selection gene, and 

therefore, they will not survive in the culture medium. Typical selection genes 
encode proteins that (a) confer resistance to antibiotics or other toxins, e.g*. 
ampicillin, neomycin, methotrexate, or tetracycline; (b) complement 
auxotrophic deficiencies; or (c) supply critical nutrients not available from th 
30 culture medium. 

Other selection genes may be used to amplify the gene which will be 
expressed. Amplification is the proc ss wherein genes which are in greater 
demand for the production of a protein critical for growth are reit rated in 
tandem within the chromosomes of successive generations of recombinant c lis. 

3 5 Examples of suitable selectabi markers for mammalian cells include 

dihydrofolat reductase (DHFR) and thymidin kinase. The mammalian c U 



wo 97/11964 



prT/lIS96/|4915 



- 35 - 

transformants are placed und r s lection pr ssure which only the transfoimants 
are uniquely adapted to survive by virtue of the marker present in the vector. 
Selection pressure is imposed by culturing the transformed cells under 
conditions in which the concentration of selection agent in the medium is 
5 successively char>ged, thereby leading to amplification of both the selection gene 
and the ONA that encodes truncated GDNF. As a result, increased quantities of 
truncated GONF are synthesized from the amplified ONA. 

For example, cells transformed with the DHFR selection gene are first 
identified by culturir^g all of the transformants in a culture medium that contains 
1 0 methotrexate, a competitive antagonist of DHFR. An appropriate host cell when 
wild-type DHFR is used is the Chinese hamster ovary cell line deficient in OHFR 
activity (see. for example, Urtaub and Chasin, Proc. NatL Acad, ScL, USA 77(7): 
4216*4220 (1980)). The transformed cells are then exposed to increased 
levels of mettK)trexate. This leads to the synthesis of multiple copies of the DHFR 

1 5 gene, and, concomitantly, multiple copies of other DNA present in the expression 

vector, such as the DNA encoding a truncated GDNF protein. 

Pfprnoter 

The expression and doning vectors of the present invention will typically 

2 0 contain a promoter that is recognized by the host organism and operably linked to 

the nucleic acid sequence encoding the truncated GDNF protein. Promoters are 
untranslated sequences located upstream (5*) to the start codon of a structural 
gene (generally within about 100 to 1000 bp) that control the transcription and 
translation of a particular nucleic acid sequence, such as that encoding truncated 

2 5 GDNF. Promoters are conventionally grouped into one of two classes, inducible 

pronfK)ters arKl constitutive promoters. Inducible promoters initiate increased 
levels of transcription from DNA under their control in response to some change 
in culture corKiition$« such as the preserKe or abserKre of a nutrient or a change in 
temperature. A large number of promoters, recognized by a variety of potential 

3 0 host cells, are well krtown. These promoters are operably linked to the DNA 

encoding trurK^ated GDNF by removir^g the promoter from the source DNA by 
restriction enzyme digestion and inserting the desired promoter sequence into 
the vector. The native GDNF promoter s querK:e may be used to direct 
amplification and/or expr ssion of truncal d GDNF DNA. A h terok>gous 
3 5 promoter is pref rr d. how v r. if it p rmits great r transcription and higher 
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yields of the expr ss d protein as compar d to the native promoter, and if it is 
compatible with the host cell system that has been selected for use. 

Promoters suitable for use with prokaryotic hosts include the beta* 
lactamase and lactose promoter systems; alkaline phosphatase, a tryptophan 
5 (trp) promoter system; and hybrid promoters such as the tac pronr^oter. Other 
known bacterial promoters are also suitable. Their nucleotide sequences have 
been published, thereby enabling one skilled in the art to ligate them to the 
desired DNA sequenoe($). using linkers or adaptors as r>eeded to supply any 
required restriction sites. 
1 0 Suitable promoting sequences for use with yeast hosts are also weU 

known in the art. Yeast enhancers are advantageously used with yeast promoters. 
Suitable promoters for use with mammalian host cells are well known and 
include those obtained from the genomes of viruses such as polyoma virus, 
fowlpox virus, adenovirus (such as Adenovirus 2), bovine papilloma virus, 

1 5 avian sarcoma virus, cytomegalovirus, a retrovirus. hepatrtis-B virus and nrK>st 

preferably Simian Virus 40 (SV40). Other suitable mammalian promoters 
include heterologous mamnuilian promoters, e.g., heat-shock promoters and the 
actin promoter. A currently used promoter in the production of GDNF proteins 
in CHO cells is SRa. See Takebe et al.. MoL CelL Biol. 8(1): 466*472 (1988). 
20 A suitable expression vector is pDSRa2. which is further described bek>w. 

Enhancer Element 

An enhancer sequence may t>e inserted into the vector to increase the 
transcriptkKi of a DNA sequer^e encodirig a truncated GDNF protein of the present 

2 5 inventk}n by higher eukaryotes. Enhancers are cis-acting elements of DNA, 

usually about from 10-300 bp in length, that act on the pronK>ter to increase its 
transcriptk>n. Enhancers are relatively orientation and position independent. 
They have t>een found 5* and 3* to the transcription unit. Several enharK:6r 
sequerKes available from mammalian gertes are krK)wn (e*g., globin, elastase. 

30 albumin, alpha-feto-prolein and insulin). Typk:ally. however, an enhancer 
from a virus will be used. The SV40 enhancer, the cytomegalovirus early 
promoter enharu: r. the polyoma enhancer, arKl adenovirus enhar^ers ar 

xemplary enhancir>g elements for the activati n of eukaryotic promoters. While 
an enharicer may be spliced into the vector at a position 5* or 3* to truncated 

35 GDNF DNA, it is typically tocated at a site 5* fr m the promoter. 
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Transcrip tion Termination 

Expression vectors used in eukaiyotic host cells (yeast, fungi, insect, 
plant, animal, human, or nucleated cells from other multicellular organisms) 
will also contain sequences necessary for the termination of transcription and 
5 for stabilizing the mRNA. Such sequerices are commonly available from the 5* 
and occasionally 3* untranslated regions of eukaryotic ONAs or cDfstAs. These 
regions contain nucleotide segments transcribed as polyadenylated fragments in 
the untrar\slated portion of the mRNA encoding truncated GDNF. 

1 0 The construction of suitable vectors containing one or more of the above- 

listed components together with the desired truncated GDNF coding sequerK:e is 
accomplished by standard ligation techniques. Isolated plasmids or DNA 
fragments are cleaved, tailored, and religated in the desired order to generate the 
plasmids required. To confirm that the correct sequences have been constructed. 
15 the ligation mixtures may be used to transform £. coli, and successful 

transformants may be selected by known techniques, such as ampicillin or 
tetracycline resistance as described above. Plasmids from the transformants are 
then prepared, analyzed by restriction endonuclease digestion, and/or sequenced 
to confirm the presence of the desired cor^struct, 

2 0 Vectors that provide for the transient expression of ONA encoding 

truncated GDNF in mammalian cells may also be used. In general, transient 
expressk)n involves the use of an expression vector that is able to replicate 
effk:iently in a host cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of the desired protein 

2 5 encoded by the expression vector. Transient expression systems, comprising a 

suitable expression vector and a host cell, allow for the convenient positive 
identiricatk>n of proteins encoded by cloned DNAs, as well as for the rapM 
screenir)g of such proteins for desired biotogical or physiological properties. 
Thus, transient expression systems are particulariy useful in identifying 

3 0 variants of the protein. 



Selection a nd Transformation of Host Cells 

H st c lis ( .g., bacterial, mammalian, insect, yeast, or plant cells) 
transformed with nudeic acid sequ noes for use in expressing a recombinant 
3 5 truncated GDNF protein are also provided by the present inventton. The 

transformed host cell is cultured under appropriate conditions permitting the 
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expression of the nucleic acid sequence. The selection of suttabi host c lis and 
methods for transformation, culture, amplification, screening and product 
production and purification are well known in the art. See for example. Gething 
and Sambrook. Nature 293: 620-625 (1981), or alternatively, Kaufman et al.. 
5 MoL Cell. BioL, 5 (7): 1750-1759 (1985) or Howley et al.. U,S. Pat. No. 

4.419.446. Truncated GDNF may be expressed in E. co/i in accordance with the 
description of Lin et al. (U.S. Patent Application No. 07/855.413; Applicati n 
No. PCT/US92/07888; WO 93/06116) which involved the expression of 
mature GDNF. Other exemplary materials and methods are discussed in further 
1 0 detail below. The transformed host cell is cultured m a suitable medium, and the 
expressed factor is then optionally recovered, isolated and purified from the 
culture medium (or from the cell, if expressed intracellularly) by an 
appropriate means known to those skilled in the art. 

Suitable host cells for cloning or expressing the vectors herein are the 

1 5 prokaryote. yeast, or higher eukaryote cells as described at>ove. Prokaryotic 

host cells irKlude. but are not limited to, eubacteria, such as Gram-negative or 
Gram-positive organisms, for example. £. colu Bacilli such as 6. subtilis, 
Pseudomonas species such as P. aeruginosa. Salmonella typhimurium, or 
Serratia marcescans. Alternatively, in vitro methods of cloning, e.g., PGR or 

2 0 other nucleic acid polymerase reactions, are suitable. 

In addition to prokaryotic host cells, eukaryotic microbes such as 
filamentous fungi or yeast may be suitable hosts for the expression of truncated 
GDNF proteins. Saccharomyces cerevisiae, or common baker's yeast, is the most 
commonly used among tower eukaryotic host microorganisms, but a number of 

2 5 other ger^ra. species, and strains are well known arKl commonly available. 

Suitable host cells for the expression of glycosylated truncated GDNF 
protein are derived from multicellular organisms. Such host cells are capable of 
complex processing arKi glycosylation activities. In prirKiple, any higher 
eukaryotic cell culture might be used, whether such culture involves vertebrate 

30 or invertebrate cells, including plant and insect cells. Vertebrate celts are 

generally used as the propagation of vertebrate cells in culture (tissue culture) 
is a well known procedure. Examples of useful mammalian host cell lines 
include, but are not limited to, monkey kidn y CV1 line transfonmed t>y SV40 
(C0S*7), human embryonic kidr>ey line (293 or 293 c lis subcloned for growth 

35 in SUSP nsion culture), baby hamster kidney cells, and Chiriese hamster ovary 
cells. Other suitable mammalian cell lines include but are not limited to. H La. 
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mouse L-929 cells, 3T3 lines derived from Swiss, Balb-c or NIH mice, BHK or 
HaK hamster cell lines. 

Similarly useful as host cells suitable for the present invention are 
bacterial cells. For example, the various strains of £. coli (e.g., HB101, DHSa. 
5 OHIO, and MCI 061) are well-known as host cells in the field of biotechnology. 
Various strains of Streptomyces spp. and the like may also be employed. 
Presently preferred host cells for producing trur^cated GDNF proteins are 
bacterial cells (e.g., Escherichia coli) and mammalian cells (such as Chinese 
hamster ovary cells, COS cells, etc.) 
1 0 The host cells are transfected and preferably transformed with the 

above-described expression or cloning vectors and cultured in a conventional 
nutrient medium. The medium may be modified as appropriate for inducing 
promoters, selecting transformants, or amplifying the genes encoding the desired 
sequences. Transfection and transformation are performed using standard 

1 5 techniques which are well known to those skilled in the art and which are 

selected as appropriate to the host cells involved. For example, for mammalian 
cells without cell walls, the calcium phosphate precipitation method may t>e us d. 
Electroporation. micro injection and other known techniques may also be used. 

2 0 Culturing the Host Cells 

Transformed cells used to produce truncated GDNF proteins of the present 
invention are cultured in suitable media. The media may be supplemented as 
necessary with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor), salts (such as sodium chloride, 

2 5 calcium, magnesium, and phospfiate). buffers (such as HEPES), nucleosides 

(such as adenosine and thymidir^), antibiotics (such as gentamk:in), trace 
elements (defined as inorganic compouruls usually present at final corKentrations 
in the mk:romolar range), and glucose or other energy source. Other 
supplements may also t>e included, at appropriate corKentrations, as will be 

3 0 appreciated by those skilled in the art. Suitable culture conditk>n$, such as 

temperature, pH. and the like, are also well known to those skilled in the art for 
use with the s lected host cells. 

It is also possibi that trurK:ated GDNF proteins may be produced by 
homologous recombination, or with r combinant production m thods utilizing 
3 5 control lem nts introduced into cells already containing DNA encoding GDNF. 

Homotogous recombination is a technkiue originally developed for targeting genes 
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to induce or corr ct mutations in transcriptionally active g nes (Kucherlapati. 
Prog, in NucL Acid Res. and MoL BioL 36:301 (1989)). The basic technique 
was developed as a method for introducing specific mutations into specific 
regions of the mammalian genome (Thomas et al.. Cell. 44:419-428. 1986; 
5 Thomas and Capecchi, CelL 51:503-512. 1987; Doetschman et al.. Proc, Natl, 
Acad. Sci, 85:8583-8587. 1986) or to correct specific mutations within 
defective genes (Doetschman et al.. Nature, 330:576-578. 1987). Exemplary 
homologous recombination techniques are described in U.S. 5,272,071 (EP 91 
90 3051, EP Publication No. 505 500; PCT/US90/07642. International 
1 0 Publication No. WO 91/09955) the disclosure of which is hereby incorporated 
by refererKe. 

Through homologous recombination, the DNA sequerK^e to be inserted into 
the genome can be directed to a specific region of the gene of interest by attaching 
rt to targeting ONA. The targeting DNA is DNA that is complementary 

1 5 (homologous) to a region of the genomic DNA. Small pieces of targeting DNA that 

are complementary to a specific region of the genome are put in contact with the 
parental strand during the DNA replication process. It is a ger>eral property of 
DNA that has been inserted into a ceH to hyt>ridize arKl therefore recombtne with 
other pieces of endogenous DNA through shared homologous regions. If this 

2 0 complementary strarnl is attached to an oligonucleotide that contanis a mutation 

or a different sequerKe of DNA, it too is incorporated into the newly synthesized 
strand as a result of the recombination. As a result of the proofreading function. 
It is possible for the new sequence of DNA to serve as the template. Thus, the 
transferred DNA is incorporated into the genome. 

2 5 If the sequence of a particular gene is krK)wn. such as the nucleic acid 

sequence of GDNF, the pre*pro sequence or expression control sequence, a piece 
of DNA that is complementary to a selected region of the gene can be syntt^esized 
or otherwise obtained, such as by appropriate restriction of the riative ONA at 
specific recogrution sites boundtrtg the region of interest This piece serves as a 

3 0 targeting sequence upon insertion into the cell and will hybridize to its 

homologous region within the geiKKne. if this hybridization occurs during DNA 
replication, this piece of DNA. and any additional sequerK:e attached ther to. will 
act as an Oicazaici fragment and will be baclcstitched into the newly synthesized 
daught r strand of DNA. 
35 In the pr s nt invention, attached to these pieces of targeting DNA ar 

regions of DNA which may interact with the expression of a GDNF prot in. For 
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example, a promoter/enhancer element, a suppress r, or an exogenous 
transcription modulatory element is inserted tn the genome of the intended host 
cell in proximity and orientation sufficient to influence the transcription of DNA 
encoding the desired truncated GDNF. The control element does not encode 
5 truncated GDNF, but instead controls a portion of the DNA present in the host cell 
gerumie. Thus, the expression of truncated GDNF proteins may be achieved not by 
transfection of DNA that encodes the truncated GDNF gene itself, but rather by the 
use of targetir>g DNA (containing regions of homology with the endogertous gene of 
interest) coupled with DNA regulatory segments that provide the endogenous g n 
1 0 sequence with recognizable signals for transcription of a truncated GDNF prot in. 
In accordar)ce with the present invention, homologous recombination 
methods may also be used to modify a cell that contains a normally 
transcriptionally silent GDNF gene to produce a ceil which expresses GDNF. The 
GDNF protein may then be processed to fomri a truncated GDNF protein(s). 

1 5 

Tmncated GDNF Pharmaceutical Compositions 

Truncated GDNF protein product pharmaceuticai compositions typically 
include a therapeutically effective amount of a truncated GDNF protein product in 
admixture with one or more pharmaceutically and physiologically acceptable 

2 0 formulation materials. Suitable formulation materials include, but are not 

limited to, antioxidants, preservatives, coloring, flavoring and diluting agents, 
emulsifying agents, suspending agents, solvents, fillers, bulkirtg agents, buffers, 
delivery vehicles, diluents, excipients and/or pharmaceutical adjuvants. For 
example, a suitable vehicle tnay be water for injection, physiological saline 

2 5 solution, or artificial cerebrospinal fluid (CSF), possibly supplemented with 

other materials common in compositions for parenteral administration. Neutral 
buffered saline or saline mixed with serum albumin are further exemplary 
vehicles. 

The primary solvent in a vehicle may be either aqueous or rK>rHaqueous 
30 in nature. In addition, the vehicle may contain other pharmaceutically- 
acceptable excipients for modifying or maintaining the pH. osmolarity, 
viscosity, clarity, c I r. st riltty, stability, rate of dissolution, r odor of the 
formulati n. Similarly, th vehici may contain still oth r pharmaceutically- 
acceptable excipients for modifying or maintaining the stability, rate of 

3 5 dissolution, r rate of r I ase of truncated GDNF protein product, or for 

promoting the absorption or penetration of truncated GDNF protein product 
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across the blood-brain barrier. Such excipients are those substances usually 
and customarily employed to formulate dosages for parenteral administration in 
either unit dose or multi-dose form or for direct infusion into the CSF by 
continuous or periodic infusion from an implanted pump. 
5 Once the therapeutic composition has been formulated, it may be stored in 

sterile vials as a solution, suspension, gel, emulsion, solid, or dehydrated or 
lyophtlized powder. Such formulations may be stored either in a ready to use 
form or in a form, e.g.. lyophilized. requiring reconstitution prior to 
administration. 

1 0 The optimal pharmaceutical formulation will be determined by one 

skilled in the art depending upon the route of administration and desired dosage. 
See for example. Remington's Pharmaceutical Sciences, 18th Ed. (1990, Mack 
Publishing Co,. Easton, PA 18042) pages 1435-1712 the disclosure of which is 
hereby incorporated by reference. The composition may also involve particulate 

1 5 preparations of polymeric compounds such as polylactic acid, polyglycolic acid, 

etc. or into liposomes. Hylauronic acid may also be used, and this may have the 
effect of promoting sustained duration in the circulation. Such compositions may 
influence the physical state, stability, rate of in vivo release, and rate of in vivo 
clearance of the present proteins and derivatives. 

2 0 Other effective administration forms, such as parenteral slow*release 

formulations, inhalant mists, orally active formulations, or suppositories, are 
also envisioned. Current tmncated GDNF protein product pharmaceutical 
compositions are formulated for parenteral administration, e.g., 
tntracerebroventricular injection. Such parenterally administered therapeutic 

2 5 compositions are typically in the form of a pyrogen-free, parenterally 

acceptable aqueous solution comprising truncated GONF protein product in a 
pharmaceutically acceptable vehicle. One preferred vehicle is physiological 
saline. 

It is also contemplated tf>at certain formulations containing trurK:ated 

3 0 GDNF protein product are to be administered orally. Truncated GDNF protein 

product which is administered in this fashion may be encapsulated and may toe 
formulated with or without those carriers customarily used in the compoundir^g 
of solid dosage forms. The capsule may designed to release the active portion of 
the formulati n at the point in the gastrointestinal tract when bioavailability is 
3 5 maximiz d and pre-systemic degradation is minimized. Additional excvients 
may be included to facilitat absorption of truncated GDNF prot in product. 
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Diluents, flavorings, low melting point waxes, vegetable oils, lubricants, 
suspending agents, tablet disintegrating agents, and binders may also be 
employed. 

5 Administration of Tmncated GDNF P rotein Product 

The trurKated GDNF protein product may be administered parenterally 
via a subcutaneous, intramuscular, intravenous, transpulmonary, transdermal, 
intrathecal or intracerebral route. Protein growth factors that do not cross the 
blood-brain barrier may be given directly intracerebrally or otherwise in 
1 0 association with other elements that will transport them across the barrier. It 
is preferred that the truncated GDNF protein product is administered 
intracerebroventricularly or into the brain or spinal cord subarachrK)id space. 
Truncated GDNF protein product may also be administered intracerebrally 
directly into the brain parenchyma. Slow-releasing implants in the brain 

1 5 containing the neurotrophic factor embedded in a biodegradable polymer matrix 

can also deliver truncated GDNF protein product. Truricated GDNF protein 
product may be administered extracerebrally in a form that has been modified 
chemically or packaged so that it passes the blood-brain bamer, or it may be 
administered in connection with one or more agents capable of promoting 

2 0 penetration of truncated GDNF protein product across the barrier. For example, 

a conjugate of NGF and monoclonal anti*transferrin receptor antit>odies has be n 
shown to be transported to the brain via binding to transferrin receptors. To 
achieve the desired dose of trurKated GDNF protein product, repeated daily or I ss 
frequent injections may be administered, or truncated GDNF protein product may 

2 5 be infused continuously or periodically from a constant- or programmable-flow 

implanted pump. The frequeru:y of dosing will depend on the pharmacokinetic 
parameters of the trur^ated GDNF protein product as formulated, and ttie rout of 
administration. 

Regardless of the manner of administration, the specific dose is typically 

3 0 calculated according to body weight or body sudace area. For diseases invoh^ 

the brain, the specific dose is typically calculated according to the approximat 
brain weight of the patient, whk:h also may be estimated based on t>ody weight or 
body surface ar a. Further refinement of th calculations necessary t 
determine th appropriat dosage for treatm nt involving ach of the at>ove 
3 5 mentior>ed formulations is routinely made by those f ordinary skill in the art, 
esp ciaily in light of the dosage information and assays disclosed herein. 
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Appropriate dosages may be ascertained through use of th establish d assays for 
determining dosages utilized in conjunction with appropriate dose-response data. 
The final dosage regimen involved in a method of treating a specific condition will 
be determined by the attending physician, considering various factors which 
5 modify the action of drugs, e.g., the age. condition, body weight, sex and diet of 
the patient, the severity of any infection, time of administration and other 
clinical factors. 

Truncated GDNF protein product of the present invention may also be 
employed, alone or in combination with other growth factors in the treatment of 

1 0 nerve disease. For example, truncated GDNF protein product may be used in 

treating some forms of nerve disease in combiruition with nen/e growth factor* 
In addition, other factors or other molecules, irKluding chemical compostttons, 
may be employed together with truncated GONF protein product, in the treatment 
of Parkinson's Disease, it is contemplated that truncated GDNF protein product 
15 be used by itself or in conjunction with the administration of Levodopa, wherein 
the truncated GDNF would enhance the production of erKlogerK)us dopamine and the 
neuronal uptake of the tiKreased concentration of dopamine. 

As stated above, it is also contemplated that additional neurotrophic or 
neuron nurturing factors will be useful or necessary to treat some neuronal cell 

2 0 populations or some types of injury or disease. Other factors that may be used in 

conjunction with truncated GDNF include, but are not limited to: mitogens such 
as insulin, insulin-tike growth factors, epklermal growth factor, vasoactive 
growth factor, pituitary adenylate cyclase activating polypeptide, interferon and 
somatostatin; neurotrophic factors such as brain derived neurotrophic factor, 

2 5 neurotrophin-3, neurotrophin-4/5, neurotrophin-6, insulin-like growth 

factor, ciliary neurotrophic factor, acidic and basic fibroblast growth factors, 
fibroblast growth factor-5, transforming growth factor-B, cocaine- 
amphetamine regulated transcript (CART) and mature GDNF; and other growth 
factors such as epklermal growth factor, leukemia inhibitory factor, 
30 kiterleukins. interferons, and colony stimulating factors; as well as molecules 
and materials which are the functiorial equivalents to these factors. 

It is envisk7ned that the continuous administration or sustain d detiv ry 
of a truncated GDNF protein product may be advantage us f r a giv n treatment. 
While continu us administration may t>e accomplished via a mechanical means. 

3 5 such as with an infusion pump, it is contemplated that oth r modes of continuous 

or n ar continuous administration may be practk:ed. For xample, chemical 



wo 97/1 1%4 



PCTAJS96/H915 



- 45 - 

derivatization may result in sustain d rel ase forms of the prot in which have 
the effect of continuous presence in the blood stream, in predictable amounts, 
based on a determined dosage regimen. Thus, truncated GDNF protein products 
include trurrcated GDNF protein derivatized to effectuate such continuous 
5 administration. 

Truncated GDNF protein cell therapy, e.g.. intracerebral implantation of 
cells producing truncated GDNF protein, is also contemplated. This embodiment 
of the present invention may include implanting into patients cells which are 
capable of synthesizing and secreting a biologically active form of truncated 
1 0 GDNF protein. Such truncated GDNF protein producing-cells may be cells which 
do not rK>rmally produce a neurotrophic factor but have been modified to produc 
truncated GDNF, or they could be cells whose ability to produce GDNF has been 
augmented by transformation with a polynucieotide suitable for the expression 
and secretion of truncated GDNF protein. In order to minimize a potential 

1 5 immunological reaction in patients from administering GDNF of a foreign 

species, it is preferred that the cells be of human origin and produce truncated 
human GDNF protein. 

Implanted cells may be encapsulated to avoid infiltration of the celts into 
brain tissue. Human or non-human animal cells may be implanted in patients in 

2 0 biocompatible, semi-permeable polymeric enclosures or membranes to allow 

release of a truncated GDNF protein product, but that prevent destruction of the 
cells by the patient's immune system or by other detrimental factors from the 
surrounding tissue. Alternatively, the patient's own cells, transformed ex vivo 
to produce trur>cated GDNF, could be implanted directly into the patient wittiout 

2 5 such encapsulation. 

The methodology for the membrane encapsulation of living cells is 
familiar to those of ordinary skill in the art. and the preparation of the 
encapsulated cells and their implantation in patients may be accomplished. See 
for example, U.S. Patent Numbers 4.892.538; 5.011.472; and 5,106,627, the 

3 0 disclosures of which are hereby incorporated by refererK:e. A system for 

encapsulating living cells is also described in PCT Application WO 91/10425 of 
Aebischer et aL, specKically incorporated herein by refererice. See also. PCT 
Application WO 91/10470 of Aebisch r et al.; Winn et al., Exper. NeuroL 
113:322-329, 1991; Aebischer et al.. Exper NeuroL. 111:269-275, 1991; 
35 Tresc et al., ASAIO. 38:17-23, 1992, th disclosures of which ar hereby 
incorporated by r fer nee. 



wo 97/1 1964 



PCT/US96/14915 



- 46 - 

Truncated GDNF protein gene therapy in vivo is also nvisloned, wherein 
a nucleic acid s qu nee needing a truncated GDNF protein is introduced directly 
into the patient. For example, a nucleic acid sequence encoding a tnffK:ated GDNF 
protein is introduced into target ceils via local injection of a nucleic acid 
5 construct with or without an appropriate delivery vector, such as an adeno- 

associated virus vector. Alternative viral vectors include, but are not limited to, 
retrovirus, adenovirus, herpes simplex virus and papilloma virus vectors. 
Physical transfer may be achieved in vivo by local injection of the desired 
nucleic acid construct or other appropriate delivery vector containing the 
1 0 desired nucleic acid sequence, liposome-mediated transfer, direct injection 
(naked DNA), receptor-mediated transfer (ligand-DNA complex), or 
microparticie bombardment (gene gun). 

it should be noted that the truncated GDNF protein product formulations 
described herein may t>e used for veterinary as weH as human applications and 

1 5 that the term "patient* should not be construed in a limiting manner. In the case 

of veterinary applications, the dosage ranges should be the same as specified 
above. 

As a means of further characterizing truncated GDNF proteins of the 
present invention, antibodies can be developed which bind to the trurK:ated GDNF 

2 0 protein such as to epitopes within the X-(Cys*^-Cys^33].Y amino acid 

sequerKe. One of ordirtary skill in ttie art can use well-kr>own. published 
procedures to obtain monoclonal and polyclonal antibodies, or recomt^riant 
antibodies, which specifically recognize and bind to the various proteirts encoded 
by the amiru) acid sequences of the present invention. Such antibodies may ttien 

2 5 be used to purify and characterize truricated GDNF protein. Attemativeiy, the 

antibodies may be used as therapeutical inhit)ftor$ of the proteins to which they 
are directed. 

Other aspects and advantages of the present invention wiH t>e understood 

3 0 upon consideration of the following illustrative examples. Example 1 addresses 

the expression of mature GDNF in a mammalian cell system and the preparation 
of truncated GDNF protein. Example 2 addresses the expressk>n of mature GDNF 
in a bacterial cell system. Example 3 addresses the expr ssk>n of vark>us 
truncated GDNF proteins in a bacterial cell system. Example 4 compares the 
3 5 biological activity of the mature GDNF protein and truncated GDNF protein in an 
assay f r dopaminergic neuron n urotrophic activity. 
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EXAMPLES 



5 Example 1 

Expression of Mature Human GONF in CHO Ceils 
and the Purification of CHO cell*derived Truncated GDNF Protein 



Materials 

1 0 The following materials are used in the expression of human GDNF in 

dihydrofolate reductase*deficient CHO cells (CHpd* cells: for example, as 
described by Uriaub and Chasin, Proc, Natl. Acad. Sc/., USA 77(7): 4216-4220 
(1980)). 

CHOd' medium contained: Dulbecco's Modified Eagle's Medium (DMEM) - 

1 5 high glucose (Gibco/BRL); 5% fetal bovine serum (HyClone); MEM non- 

essential amino acids (1%) (Gibco/BRL); hypoxanthineAhymidine (1%) 
(Gibco/BRL); and giutamine/penicillin/streptomycin (1%) (Irvine Scientific). 

Selective medium contained: DMEM (high glucose); 5% dialyzed fetal 
bovine serum (HyClone); MEM non-essential amino acids; and 

2 0 glutamine/penicillin/streptomycin. 

2X HEPES-buffered saline (HBS) contained: 280 mM NaCI; 10 mM KCI; 
1.5 mM Na2HP04; 12 mM dextrose; and 50 mM HEPES. 

Tris-buffered saline plus Tween (TBST) contained: 137 mM NaCI; 20 
mM Tris/HCl pH 7.5; and 0A% Tween-20. 

25 

Methods 

Transfection and Selection 

CHOd* cells (passage 20) were seeded into 60mm tissue culture dishes 
(Falcon) at a density of 8x10^ cells per dish in CHOd~ growth medium. On the 
30 following day. about three hours prior to transfection. the medium on the cells 
was replaced with fresh medium. 

Plasmid c nstructs containing the appropriate GDNF cDNA were pr pared 
using well known techniques. For xample. the plasmid construct pDSRa2 was 
prepared substantially in accordance with the process described in the co-owned 

3 5 and copending U. S. Patent Application Serial Number 501 .904 filed March 29, 

1990 (also se . European Patent Application No. 90305433. Publication No. 
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EP 398 753, filed May 18. 1990 and WO 90/14363 (1990). the disclosures 
of which are hereby incorporated by reference. An exemplary plasmid map 
which illustrates the structural organization of the vector is depicted in 
Figure 2. It will be appreciated by those skilled in the art that a variety of 
5 nucleic acid sequences encoding the mature GDNF protein, such as the sequences 
depicted in Figures 1, 3 ar>d 4. may also be used. 

A Hindllh Xbal DNA fragment containing the human GDNF coding 
sequences and the consensus Kozak sequences. CCACC(/^) was retrieved by 
restriction enzyme digestion from a pcDNAS based expression vector 
1 0 (Invitrogen, San Diego. CA ). The DNA fragment was directly cloned into 

Hindlll/Xbal cut pDSRa2. The resulting plasmid was called pSWS. The plasmid 
DNA of pSW5 was linearized at the Puvl site prior to transfection. 

pDSRa2 (Figure 2) is a derivative of the plasmid pCD (Okayanrui & Berg. 
Moi Cell BioL 3: 280-289. 1983) with three main modifications: (i) the 

1 5 SV40 polyadenytation signal has been replaced with the signal from the a- 

subunit of bovine follicular stimulating hormone. a-bFSH (Goodwin et aL. 
Nucleic Acids Res. 11: 6873-6882. 1983); (ii) a mouse dihydrofolate 
reductase minigene (Gasser et al.. Proc, NatL Acad, Sci 79: 6522-6526. 1982) 
has been inserted downstream from the expression cassette to allow selection and 

2 0 amplification of the transformants; and (iii) a 267 bp fragment containing the 

"R-element* arxl part of the "1)5* sequerKes of the long terminal repeat (LTR) of 
human T-cell leukemia virus type I <HTLV-I) has been cloned and inserted 
between the SV40 promoter and the splice signals as described previously 
(Takebe et aL. MoL Cell Biol. 8: 466-472, 1988). 

2 5 Solutions of DNA were prepared containing a final concentratk>n of 3.0 

^g/dish GDNF-plasmid DNA, 7.0 pg/dish mouse kidney genomic carrier DNA 
(Clontech), 25 |xl/dish 2.5M CaCl2, and sterile distilled water to a final volum 
of 250 fil/dish. DNA solutions containing pDSRa2 vector DNA or carrier DNA 
atone were similarly prepared as positive and negative controls, respectively. 

3 0 The DNA solutbns were added dropwise to an equal volume of 2X HEPES-buffered 

saline while passing air bubbles through the solution. The DNA/HBS solutions 
were incubated at room temperature for 30 minut s. 

Th medium was removed from the CHOd* cell cultures, and 500 yA f th 
DNA solutions w re added p r dish. The dishes w re incubated at room 
35 temperature for 30 minut s, aft r which time CHOd* medium (5.0 ml.) was 
added to each dish. Th dishes w re then incubated at 37*^0 overnight. 
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On the following day the medium was replaced with fresh CHOd' medium. 
The next day, when the cells had reached confluence, the cultures were 
trypsinized and replated in 100 mm dishes (Falcon) at a ratio of 1x60 mm dish 
to 8x100 mm dishes. Cells were replated in selective medium. The cultures 
5 were re-fed with fresh n>edium every two to three days. 

After 15 days, colonies of trar>sfected cells were isolated using glass 
cloning cylinders, trypsinized. and replated into 24-well dishes (Falcon). A 
total of 40 colonies was isolated from the G0NF/pSW5-transfected cells. The 
remaining cells on the dishes were trypsinized, pooled, and replated into two 
10 100 mm dishes (one pool for each DNA construct). 

Screening of transfected cells: 

The 24-weH and pool cultures were grown to confluence, at which time 
the growth medium was removed and replaced with serum-free medium (400 

1 5 ^I/well or 4 ml/dish). Cells were incubated for 48 hours, and the conditioned 

medium was han^ested. The conditioned medium samples were analyzed for GONF 
protein expression by western blot. Aliquots of conditioned medium (20 pJ or 
40 ^1) were diluted with electrophoresis sample buffer (with or without 
B-mercaptoethanol). Samples containing B-mercaptoethanol were boiled for 

2 0 three minutes (reducing conditions). Both reduced and non-reduced samples 

were run on 16% Tris-glycine gels (Novex). Gels were electroblotted onto 
nitrocellulose filters (Schleicher and Schuell BA-83, 0.2^). The blots were 
rinsed with TBST and then incubated in a blocking solution of 5% dried milk 
(Camatk>n) in TBST for 30 minutes at room temperature. Blots were then 

2 5 treated with GDNF antiserum (rabbit polyclonal antisera raised against £. colh 
derived GDNF; 1:1000 in 5% milk/TBST) for one hour at room temperature. 
The btots were then rinsed with TBST and washed 1x10 minutes and 2x5 minutes 
with 1% miik/TBST. They were then treated with anti-rabbit lg*horse radish 
peroxidase-conjugated secondary antibody (1:15,000 in ^% milk/TBST) for 20 

30 minutes. Blots were rinsed and washed with TBST 1x20 minutes and 2x10 

minutes, followed by tr atment with ECL reagents (Amersham) for on minute 
and exposure to Hyperfilm-ECL (Amersham), 



The following process describes the purification of CHO-expressed GDNF 
and a CHOdertved dipp d GDNF homodimer, fr m one liter of conditioned media. 
Because of signifk:ant protease action in the CHO medium, clipping the chain at 
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residue 31, the procedur may include the use of a protease inhibitor during 
purification. 

Stgp 1 ■ Bead Chromatography: 
5 Serum free conditioned media was made 20 mM 2*(N-Morpholtno] 

ethane sulfonate (MES), pH 6.0. by adding one fiftieth volume of 1 M MES, pH 
6.0. Twenty five milliliters of SP Sepharose Big Bead resin (Pharmacia), 
equilibrated with 20 mM MES, pH 6.0, was added and stirred at 4*^0 for one hour. 
The resin was collected by allowing it to settle and decanting off the conditioned 

1 0 media. The decanted media was filtered through a fritted disc filter to recover 

any unsettled resin. The settled resin and that recovered by filtration was 
resuspended and poured into a 2.5 cm diameter column and washed with three 
column volumes of 0.15 M NaCI. 20 mM MES. pH 6.0 (A buffer). Protein was 
eluted with a 300 ml gradient from A buffer to 1.0 M NaCI, 20 mM MES, pH 6.0 
15 (B buffer), at a flow rate of 0.2 column volumes/mmute with absorbance 

monitored at 280 nm. Fractions containing 1.1 column volumes were collected. 
The presence of GONF in the fractions was detected by Western blotting analysis. 
Fractions containing GONF were pooled for further purification. GONF eluted 
between 0.3 and 0.6 M NaCI. 

20 

Step 2. HPLC C4 Chromatography: 

The pool from Step 1 was made 0.1% <v/v) trifluoroacetic acid (TFA), 
vacuum filtered through a 0.45 micron filter, and applied to a Vydac C4 column 
(0.46 X 25 cm) conditioned with aqueous 10% acetonitrile. 0.1% TFA (A 

2 5 buffer). Protein was eluted with a 2%/minute linear gradient over 50 minutes 

from A buffer to aqueous 90% acetonitrile, 0.1% TFA (B buffer) with 
absorbance measured at 280 nm. One milliliter fractions were collected, and the 
preserK:e of GONF was detected by Western blotting analysis. GONF was eluted 
t>etween 45% and 55% acetonitrile. Fractions were taken to dryness in vacuum. 

30 

Step 3. High perfgrmance S Chromatggraphy: 

Fractions containing GONF from Step 2 were resolublized in one 
milliliter of 0.15 M NaCI, 10 mM Tris. pH 8.0, and applied to a 0.75 X 7.5 cm 
TSK-Gel 5WP high performance S column (Toso Haas), A linear gradient of 

3 5 0.4%/minute was run from 0.15 M NaCI, 10 mM Tris. pH 8.0 (A buffer) to 

1.0 M NaCI, 10 mM Tris. pH 8.0 (B buffer) over 50 minutes at a flow rate of 
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1 ml/min. One minute fractions were collected with absorbance measured at 
280 nm. At 35% B buffer, the gradient was ct^anged to 6.5%/minute over 10 
minutes. Western blot analysis of the fractions showed four major GDNF 
con:iponents. Three of the components eluted during the 0.4%/minute gradient 
5 and the fourth was eluted during the 6.5%/minute gradient. Appropriate pools 
were made of similar components and submitted for sequencing. Sequencing 
analyses identified an approximately 29*36 kD pool as IArg32.||e134] 
truncated GDNF protein. The component at approximately 38-40 kD was 
identified as an |Arg32,|ie134| truncated GDNF/mature GDNF heterodimer. 
1 0 Finally, the approximately 41-44 kD component which was isolated during the 
latter portion of the gradient was identified by sequencing as the mature GDNF 
homodimer. 

1 5 Example 2 

Mature Human GDNF Produced in E. coli 

The bacterial expression of mature human GDNF may t>e achieved in 
accordarure with the process descrit)ed in Lin et al. (U.S. Patent Applk:ation No. 

2 0 08/182.183 filed May 23. 1994 and its parent applications; 

PCT/US92/07888 filed September 17, 1992 (WO 93/06116); and European 
Patent Application No. 92921022.7 (Publication No. EP 610 254): the 
disctosures of which are hereby incorporated by referer>ce. Based upon the 
description of the present invention, those of ordinary skill in the art will 

2 5 appreciate that a variety of materials arvl methods may readily be used or adapted 

for suitable expression in E. coli and other bacteria. For example, alternate 
polynucleotides, such as those depk:ted in Figures 1 , 3 arKl 4, may be used in th 
expression process. 

30 Refolding and Purifk^atton of Expressed Mature GDNF 

The transformed cells were processed at S^'C (unless othenwise noted) as 
follows: cell paste (30 gm) was suspended into a final volum of 200 millilit rs 
using 25 mM Tris, pH 8.5 containing 5 mM EDTA, to yield a final cell slurry f 
15% (w/v). The c lis w re thoroughly dispersed using a Biospec hand-hekJ low 

3 5 shear homog nizer. The slurry was passed twk:e through a microfluidizer at 

1 4,500 psi to break the cells and releas inclusion bodies. The r suiting 
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homogenate was then centrifug d for 30 minutes at 16,000xg. The pellet of 
inclusion bodies resulting from the centrifugation was washed by resuspension 
in chilled water to a final volume of 240 milliliters using the Biospec 
homogenizer. as before, to form a slurry. A sample of this slurry was kept for 
5 HPLC analysis of the GDNF expression level. The remaining slurry was 

centrifuged for 30 minutes at 16,000xg. The supernatant was discarded, and a 
small amount of cold water was added to the centrifuge t>ottle and gently swirled 
to remove the loosely formed membrane layer on top of the irKlusion bodies 
pellet. The pellet was resuspended with the Biospec homogenizer using a 
1 0 sufficient volume of cold water to yield a concentration of 2 mg/ml of GDNF. The 
inclusion bodies were then solubilized by mixing the final inclusion bodies 
suspension (25 ml) and 8M guanidine HCt (25 ml) containing 180 mM cysteine 
HCI , and 50 mM Tris HCI, pH 8.7. The solubilization mixture was stirred at 
25''C for 60 to 90 minutes after which it was poured, with mixing, into 2 M 

1 5 urea (450 ml. at S^'C) containing 20 mM Tris HCI. pH 8.75 and 0.2 M guanidine 

HCI. This refold mixture was slowly stirred at 5°C for 72 hours. 

The refolded GDNF was partially purified as follows: 20 mM sodium 
acetate buffer (250 ml. pH 5) at 5''C was added with rapid stirring to the refold 
mixture, and the pH was adjusted to 5 with glacial acetic add. The resulting 

2 0 precipitate was removed by centrifugation at 13.600xg for 45 minutes at S'^C. 

The supernatant from this centrifugation was used as the load solution for the 
next purification step involving cation exchange chromatography with SP-big 
t>ead resin (Pharmacia). The column was operated at 5''C using 20 mM sodium 
acetate (pH 5) as the equilibration, rinsing, and elution buffer system. A bed of 

2 5 resin (5 ml) was sanitized with 5 column volumes (CV) of 0.2N NaOH and then 

equilibrated with the acetate buffer (5 CV). The load solution (190 mO was 
applied to the column at 0.5 CV/minute followed by a 10 CV rinse with acetate 
buffer at the same flow rate. The GDNF was then eluted off the resin with a 20 CV 
linear gradient of NaCt from 0.3 M to 0.9M in the acetate buffer at a flow rate of 
30 0.1 CV/minute. The column eluate was monitored by absorbance at 280 nm ar>d 
collected as fractions which were assayed by SDS-PAGE. The fractions containing 
GDNF wer pooled from the front of the GDNF p ak at 10% peak height through to 
the back of the peak to 10% p ak height. Th prot in in this pool was ntirely 
GDNF and. depending upon the production strain used, contained 32% to 12% 

3 5 contamiruition as modified GDNF toms. Th pool was then dialyzed against PBS 

or other formulation buffers arKi, in som cases, concentrat d by ultrafiltration 
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to 25 mg/ml. Both wild type and analogue forms of GDNF purified by this 
procedure were characterized by reverse phase HPLC. cation exchange HPLC, 
mass spectrometry, and endotoxin levels in order to compare purities of the 
preparations in relation to the corresponding production strains. 

5 

Example 3 

Recombinant Production of Truncated GDNF in £ coli 

1 0 Exemplary truncated GDNF proteins were produced substantially in 

accordance with the techniques described in Lin et at. (U.S. Patent Application No. 
08/182,183 filed May 23, 1994, supra). Alternative bacterial expression 
materials and methods, as described above, may also be used. The E. colh 
expressed truncated GDNF proteins included the (Pro^S-Hel^^J, (Arg32- 

1 5 lle^34], and (Gly33-lle1 3^] truncated GDNF proteins as depicted in Figures 5, 

6 and 7, respectively. The polynucleotides encoding these exemplary truncated 
GDNF proteins were constructed as depicted in Figures 5, 6 and 7. but 
corresponding polynucleotides such as those depicted in Figures 1, 3 and 4 may 
also be used. The polynucleotides were constructed by standard PGR procedures 

2 0 as described in PCR Technology, Principles and Applications for DNA 

Amplification, Henry A. Eriich, ed., Stockton Press. NY. 1989 (Chapter 6, Using 
PCR to Engineer DNA) the disclosure of which is hereby incorporated by 
reference. 

25 

Example 4 

Bioassay for Dopaminergic Neuron Neurotrophic Activity 

The £. co/Aexpressed (Pro23.|ie134j [Arg32-||e134j^ IGIy33. 
30 Ile134] and (Lys37.||e134j truncated GDNF proteins of Example 3 and the 
CHO-derived IArg32.He1 34] trurKated GDNF protein of Example 1 were 
assessed on a qualitative basis for their ability to promote dopamine uptak by 
substantia nigra dopaminergic n urons. 



35 



Mat rials 

The following materials are used in an assay to assess the survival of 
dopamin rgic neurons in the presenc of trurKated GDNF proteins: 
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Cell Culture Medig 

High glucose Dulbecco's Modified Eagle's Medium (DMEM; catalog 
#11965-092). Ham*s F12 medium (Fl2; #11765-021). Leibovitz's LIS 
5 medium without sodium bicarbonate (#41300-039), B27 medium supplement 
(#17504-010). penicillin/streptomycin (#15070-014), L-glutamine 
(#25030-016), Dulbecco's phosphate-buffered saline (D-PBS; #14190- 
052). Hank's balanced salt solution with calcium and magnesium salts (HBSS; 
#24020-026). N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid 

10 (HEPES; #15630-015). mouse laminin (#23017-015). and bovine serum 
albumin fraction V (#110-18-017) were all from GIBCO. Grand Island, NY. 
Heat-inactivated horse serum was from HyClone, Logan. Utah. Gonalbumin (C- 
7786), poly-L-ornithine hydrobromide (P-3655), bovine insulin (I-S500), 
human transferrin (T-2252). putrescine (P-6024). progesterone (P-6149), 

1 5 sodium selenite (S-9133), metrizamide (M-3383) were all from Sigma 

Chemical Company. Saint-Louis. MO. Papain, deoxyribonuclease I (DNAase) and 
ovalbumin (Papain dissociation system) were from Worthington Biochemicals. 
Freehold, NJ. 

Falcon sterile 96-well microplates (#3072). tissue culture plastic 
20 ware and polypropylene centrifuge tut>es were from Becton-Dickinson, Oxriard, 
CA. Nunc Lab-Tek tissue culture chamber coverglasses (#136439) were from 
Baxter, Irvine, CA; 20 jim (#460) nylon mesh was from Tetko. Elmslord. NY; 
and 4* dissecting forceps and 4" dissecting scissors were from Roboz Surgical. 
Washington, DC. 

25 

Antibodies and Related Reaoents 

Polyclonal rabbit anti-tyrosine hydroxylase antibodies (TE101) were 
from Eugene Tech, Ridgefield Park, NJ; polyclorial rabbit anti-neuronal-spedfic 
enolase antibodies (NSE, AB951) were from Chemicon, Temecula, CA; arKl 

30 biotinylated goat anti-rabbit IgG and peroxidase-conjugated avkJin/bkrtin 

complex (ABC Elite; Vectastain kit PK-6100) were from Vector Lat>oratories, 
Burlingam , CA. 3',3'-diaminobenzidine was from Cappel Laboratories, W st 
Chester, PA. Superblock blocking buffer in PBS (#37515) was from Pierce 
Chemical Company, Rockford, IL. Triton X-100 (XI 00). Nonidet P-40 

3 5 (N6507) and hydrog n p roxide (30%. v/v; H1009) were from Sigma. GBR- 
12909 dopamine uptake inhibitor (D-052) was from RBI, Natick, MA. ^H- 
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dopamine (tritiated dopamine, NE-131: 21 Ci/mmol) was from New England 
Nuclear. Boston, MA. Optiphase Supermix scintillation cocktail was from 
Wallac, Turku, Finland. White ViewP!ate-96 microplates (#6005182) were 
from Packard Instruments Corporation. Meriden, CT. Alt other reagents were 
5 obtained from Sigma Chemical Company, unless otherwise specified. 

Preparation of Media 

The basal medium was prepared as a 1:1 mixture of OMEM and F12 
medium, and was supplemented with B27 medium supplement added as a 50-fold 
1 0 concentrated stock solution. L-glutamine was added at a final concentration of 
about 2 mM, penicillin at about 100 lU/l, and streptomycin at about 100 mg/l. 
Heat-inactivated horse serum was added to a final concentration of about 15 
percent. After mixing, the pH was adjusted to about 7.3, and the media were kept 
at 4**C, The media were prepared fresh just before use in order to minimize 

1 5 inter-experimental variations. Plastic pipettes and containers were used 

throughout to minimize protein adsorption. 

Culture Substratum 

To encourage optimal attachment of substratum neurons and neurite 

2 0 outgrowth, microtiter plate surfaces (the culture substratum) were modified by 

sequential coatings with poly-L-omithine and laminin, as follows. The plate 
surfaces were completely covered with a 0.1 mg/ml sterile solution of poly-L- 
omithirie in 0.1 M boric add (pH 8.4) for at least one hour at room 
temperature, followed by a sterile wash with Super-Q water. The water wash 

2 5 was then aspirated, and a 1.0 ^g/ml solution of mouse laminin in PBS was added 

and incubated at ST'^C for two hours. These procedures were conducted just 
before using the plates in order to ensure reproducibility of the results. 

Preparation gf Embryopic Rat Substantia Nigra Cultures 

3 0 Embryonic rat brains were used as the source of substantia nigra 

dopamin rgtc neurons. Timed-pregnant Sprague-Dawley rats at embryonic 
day 15 wer used. A maximum of 36 embry s (about three litt rs) were 
processed per xp rim nt. The pregr>ant rats were killed by exposure to 002* 
their atxjominal cavities opened with dissecting scissors, and the fetus s were 
3 5 removed from the ut ri. Fetal brains were then dissected arxJ cleaned of t}lood and 
meninges, and the ventral tegmental area containirig the substantia nigra was 



wo 97/11964 



PCT/US96/I4915 



- 56 • 

dissected using w ll-defined anatomical landmarks (Altman and Bayer. Atlas of 
Prenatal Rat Brain Development, CRC Press, Boca Raton, FL, 1995), The 
tissues were collected in ice-cold D-PBS. transferred into 10 milliliters of 
dissociation medium (120 units papain and 2000 units DNAase in HESS) and 
5 then incubated for 45 minutes at about Zl'^C on a rotary platform shaker at 
about 200 rpm. The cells were then dispersed by trituration through fire- 
polished Pasteur pipettes, sieved through a 20 ^m Nitex mesh to discard 
undissodated tissue, and centrifuged for five minutes at 200xg using an I EC 
clinical centrifuge. The resulting cell pellet was resuspended into HBSS 
1 0 containing ovaltnimin and about 500 units DNAase, layered on top of a 4% 

ovalbumin solution (in HBSS) and centrifuged for about 10 minutes at SOOxg. 
The final pellet was resuspended in complete culture medium (see above), 
adjusted to about 28,000 cells/ml. and seeded in aliquots (90 ^1) into the 6 
mm-wells of the 96-well mtcroplates previously coated with polyomithine awd 

1 5 iaminin. Attachment of cells occurred rapidly, and the plating efficiency was 

about 75 percent. 

Immunohistochemistrv of Dooamineroic Neurons 
An indirect tmmunoperoxidase method described by Louis et al. (J. 
20 Pharmacoi Exp, Therap,. 262:1274-1283, 1992; Science, 259:689-692. 
1993) was used with slight modifications, as follows, to characterize the 
dopaminergic r>eurons in cultures of substantia nigra. Cultures were fixed for 
about 30 minutes at room temperature with 4% paraformaldehyde in O-PBS, pH 
7.4, followed by three washes in D-PBS (200 ^1 per 6-mm well). The fixed 

2 5 cultures were then incubated in Superblock blocking buffer in PBS. containing 

1% NP-40 to increase the penetratk)n of the antibodies. The primary rabbit 
anti-tyrosir>e hydroxylase antibodies were then applied at a dilution of at>out 
1 :2000 in the same buffer and irKubated for one hour at 37''C on a rotary 
shaker. After three washes with D-PBS, the bound antibodies were detected 
30 using goat-anti-rabbit biotinylated IgG at about a 1:500 dilution; these 

secondary antibodies were incubated with the cells for about one hour at 37''C. 
The cells were then washed thr e times with D-PBS, and the secondary 
antitx)dies were detected with avtdin*biotin-peroxidase complex diluted at 
1 :500. and the cells w re incubated for about 45 minutes at 37'C. After thr e 

3 5 m re washes with D-PBS. the cultures were reacted for 5-20 minutes in a 
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solution of 0.1 M Tris-HCI, pH 7.4. containing 0.04% 3\3*-diaminoben2idine- 
(HCI)4. 0.06 percent NiCl2 and 0.02 percent hydrogen peroxide. 

Determtnmg Neuronal Survival 
5 Substantia nigra cultures were fixed and processed for immunostaining as 

described above, and then examined with bright-light optics at 200X 
magnification. The number of neurons stained for tyrosine hydroxylase was 
counted in the entire 6*mm well of the 96-well microplates Viable neurons 
were characterized as having a regularly*shaped cell body, with a major axon- 
1 0 like process and several dendrite-like processes. Neurons showing signs of 
degeneration, such as having irregular, vacuolated perikarya or fragmented 
neurites. were excluded from the counts (most of the degenerating neurons, 
however, detached from the culture substratum). Dopaminergic neuron cell 
numbers were expressed either as TH-positive neurons/6*mm well or as the 

1 5 fold'Change relative to control dopaminergic neuron density. 

Detemiinin? Dopamine Uptake 

Dopamine uptake was determined in cultures of 15*day*old embryonic 
rat substantia nigra neurons that had been established in white ViewPlate-96 

2 0 microplates. The cultures were washed with pre-warmed uptake buffer (about 

100 (ii) which consists of a modified Krebs*Ringer solution, pH 7.4, containing 
about 120 mM NaCI, 4,7 mM KCI, 1.8 mM CaCl2, 12 mM MgS04, 32 mM 
NaHP04, 1 .3 mM EDTA, and 5.6 mM D-glucose. The uptake buffer also contained 
1 mM ascorbic ackj and 50 ^M pargyline to prevent the oxidation of dopamine. 

2 5 The cells were then preincubated at 37°C for about 10 minutes in uptake buffer. 

Tritiated dopamine (3H-DA, 21 Ci/mmol) was then added to the substantia nigra 
cultures at a concentration of about 50 nM in 75 ^i of uptake buffer, and the 
cultures were incubated for about 60 minutes at 37**C. Nor)*specffic dopamine 
uptake was determined by incubating the cultures with uptake buffer containing 
30 the dopamine uptake inhibitor GBR-12909 (1 ^M). Non-specific uptake 

represented less than about one percent of total uptake. The uptake assays were 
arrested by aspiration of the incubation medium followed by three rapkl washes 
with ice-c Id uptake buffer (about 120 ^l). Th cells were then lysed by 
addition of Optiphase Supermix scintillation cocktail (200 ^1), and radioactivity 

3 5 was determined by scintillation spectrometry using a Wallac MicrobetaPlus 96- 

w II microplate counter (i.e.. dopamin uptake is analyzed by scintillation 
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counting ot th retained tritium in the cultures). The results are expressed 
either as dpm/6-mm well or as the fold-change relative to control cultures. 



Assays 

5 DopaminerQlc Neuron Survival and MorpholoQical Development 

Cultures of embryonic day 15 (El 5) rat substantia nigra enriched in 
dopaminergic neurons were used to demonstrate the effect of truncated GDNF 
proteins on the survival of dopaminergic neurons. The cultures were grown in 
polyomithine- and lamtnin*coated 96-well microplates for up to six days alon 
10 or in the presence of various concentrations (ranging from about 1 pg/ml to 

about 10 ng/tn\) of the following proteins: E co//-expressed mature hGDNF; E. 
co//-expressed IPro23.||et 34], [Arg32.|ie134) [Gly33,|,e1 34] and 
[Lys37-||e134] truncated GDNF proteins; CHO cell-expressed mature hGDNF; 
and CHO cell-derived lArg32-Ue134] truncated GDNF protein. The culture 

1 5 medium consisted of DMEM/F12 supplemented with 15% heatnnactivated horse 

serum (El 5 cultures) or 2.5% heat-inactivated horse serum, D-glucose, 
HEPES, insulin and transferrin (P6 cultures). Immunostaining for tyrosine 
hydroxylase (TH). the rate-limiting enzyme in dopamine biosynthesis, was used 
as a maricer for dopaminergic neurons. Since noradrenergic neurons in the 

2 0 rtx)mbencephalon also stain positive for TH. great care was taken to dissect an 

area restricted to the ventral tegmentum of the mesencephalon and to avoid the 
more caudal regions containing the noradrenergic cell t>odies. After six days, th 
El 5 cultures typically consisted of about 70% neurons as identified by neuronal 
spectfic enolase immunostaining (descrit>ed above) arKl 30% non-neuronal cells 

2 5 (which had a flattened, phase-dark appearance); dopaminergic neurons 

represented about 10-15% of the neuron population. 

After six days, the cultures were fixed with paraformaldehyde and 
immunostained for tyrosine hydroxylase, a marker that identifies dopaminergic 
neurons in these cultures. All the tyrosine-hydroxylase*positive neurons 
30 present in a 6-mm well were counted urKler brightfield optics. Three to six 

different wells were analyzed for each experimental condition. The results wer 
expressed as th percentages of the number of tyrosin -hydroxyiase-positive 
neurons fourid in control cultures. 

Cuhures of El 5 substantia nigra treated with 1.0 ng/ml o1 GDNF. CHO 

3 5 cell-expr ssed GDNF r E. coli -expressed GDNF. contain d about 38% and 27% 

more TH-immunoreactiv n urons, respectiv ly. than untreated c ntrol 
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cultures, indicating that both GONF species promote the survival of dopaminergic 
neurons. Cultures of El 5 substantia nigra treated with 1.0 ng/ml of truncated 
GDNF protein showed a similar increase in the number of TH-postttve neurons in 
cultures after six days in vitro : 42% for CHO cell-derived lArg32-|ie^34j 
5 truncated GDNF protein; and 26% and 17% for £. co/hexpressed IArg32. 
Ile13^] and (Gly33-||e^3^] truncated GDNF proteins, respectively. 

Comparison of control cultures and cultures treated with mature and 
truncated GDNF proteins also revealed pronounced effects of all the GDNF 
proteins on the morphological differentiation of dopaminergic neurons. The 

10 effects of the (Arg32-||e134] (Gly33-lle^3^] truncated GDNF proteins 
were identical to their respective mature GDNF protein counterparts. TH- 
immunoreactive neurons in all GDNF*treated cultures possessed significantly 
more complex and extensive neuritic arborization, as well as a higher degree of 
neurite branching arKl an overall larger soma size, than did TH-positive neurons 

15 in control cultures. 



Dopamine UptaKe 

Dopamine uptake measures the number and activity of high affinity 
dopamine reuptake transporter sites and reflects the functior^l differentiation of 
2 0 dopaminergic neurons. Dopamine uptake was measured in cultures of El 5 rat 
substantia nigra after six days in vitro either with or without mature GDNF or 
truncated GDNF proteins. In these cultures, dopamine uptake had the 
pharmacologk::al profile characteristic of dopaminergic neurons, i.e., it was 
nearly completely blocked (more than 98 percent) by 1.0 GBR*12909. a 

2 5 dopamine transporter inhibitor specific for dopaminergk: neurons (ID50 = 20 

nM). This 'mdk^ates ttuit dopamine uptake measurements do not reflect the 
presence of contaminating rK>radrer)ergic neurons, which can take up dopamine 
through norepinephrine transporters but are not sensitive to GBR-12909 
inhibition. The effects of CHO-cell-expressed mature GDNF and the CHO-deriv d 
30 [Arg32-||e134] truncated GDNF protein were identical: about 65% increase, 
with an EDSO of about 20 pg/ml. £. cofrexpressed (Pro23-Lys37AAsn37. 
Ile''34j truncal d GDNF protein, as d picted in Figure 5, demonstrated a 65% 
increase, with an EDSO of about 40 pg/ml. The effects n dopamine uptake of the 
£. co/f-expressed mature protein and the E. co/Z-express d (Arg32.||e'l34j 

3 5 {Gly33-||e134| and ILys37.||e134j truncated GDNF proteins were th sam : 

about 50% incr ases, with ED50s of about 50 pg/ml. 
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Th se results indicate that the truncat d GDNF proteins act as potent 
survival-promoting and diff r ntiation-inducing factors for substantia nigra 
dopaminergic neurons. As such, they are envisioned to be particularly useful in 
the treatment of Parkinson's disease, a neurological disorder characterized by 
5 decreased emotional acuity, slowing of both voluntary and involuntary muscle 
movement, muscular rigidity, and tremor. Such symptoms are attributed to the 
progressive degeneration of dopamine-producing neurons located in the 
substantia nigra. Degeneration of these neurons ("dopaminergic neurons") 
results in a decrease of dopamine in an adjacent region of the brain called the 
1 0 striatum. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: Hu, Sylvia 

(ii) TITLE OF INVENTION: Truncated Glial Cell Line-Derived 

Neurotrophic Factor 

(iii) NUMBER OF SEQUENCES: 50 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: AMGEN INC. 

(B) STREET: 1840 DeHavilland Drive 

(C) CITY: Thousand Oaks 

(D) STATE: California 

(E) COUNTRY: United States of America 

(F) ZIP: 91320 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC conpatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Curry, Daniel R. 

(B) REGISTRATION NUMBER: 32,727 

(C) REFERENCE/DOCKET NUMBER: A-357 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 805-447-8102 

(B) TELEFAX: 605-499-8011 

(C) TELEX: 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 402 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1.-402 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

TCA CCA GAT AAA CAA ATG GCA GTG CTT CCT AGA AGA GAG CGG AAT CGG 48 
Ser Pro Asp Lys Gin Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg 
15 10 15 

CAG GCT GCA GCT GCC AAC CCA GAG AAT TCC AGA GGA AAA GGT CGG AGA 96 
Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg 
20 25 30 

GGC CAG AGG GGC AAA AAC CGG GGT TGT GTC TTA ACT GCA ATA CAT TTA 144 
Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala lie His Leu 
35 40 45 

AAT GTC ACT GAC TTG GGT CTG GGC TAT GAA ACC AAG GAG GAA CTG ATT 192 
Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu lie 
50 55 60 

TTT AGG TAG TGC AGC GGC TCT TGC GAT GCA GCT GAG ACA ACG TAG GAC 240 
Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp 
65 70 75 80 

AAA ATA TTG AAA AAC TTA TCC AGA AAT AGA AGG CTG GTG AGT GAC AAA 288 
Lys lie Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lys 
85 90 95 

GTA GGG CAG GCA TGT TGC AGA CCC ATC GCC TTT GAT GAT GAC CTG TCG 336 
Val Gly Gin Ala Cys Cys Arg Pro lie Ala Phe Asp Asp Asp Leu Ser 
100 105 110 

TTT TTA GAT GAT AAC CTG GTT TAC CAT ATT CTA AGA AAG CAT TCC GCT 384 
Phe Leu Asp Asp Asn Leu Val Tyr His lie Leu Arg Lys His Ser Ala 
115 120 125 

AAA AGG TGT GGA TGT ATC 402 
Lys Arg Cys Gly Cys lie 
130 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 134 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ser Pro Asp Lys Gin Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg 
15 10 15 

Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg 
20 25 30 

Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala lie His Leu 
35 40 45 
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Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu lie 
50 55 60 

Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp 
65 70 75 80 

Lys lie Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lys 
85 90 95 

Val Gly Gin Ala Cys Cys Arg Pro lie Ala Phe Asp Asp Asp Leu Ser 
100 105 110 

Phe Leu Asp Asp Asn Leu Val Tyr His lie Leu Arg Lys His Ser Ala 
115 120 125 

Lys Arg Cys Gly Cys lie 
130 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

CO STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Lys Asn Arg Gly 
1 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gly Lys Asn Arg Gly 
1 5 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Arg Gly Lys Asn Arg Gly 

1 5 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Gin Arg Gly Lys Asn Arg Gly 
1 5 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

iC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ IDN0:7: 

Gly Gin Arg Gly Lys Asn Arg Gly 
1 5 



(2) INFORMATION FOR SEQ ID NO: 8; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: euaino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Arg Gly Gin Arg Gly Lys Asn Arg Gly 
1 5 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOP0LCX5Y: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
15 10 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
15 10 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 11: 

Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
15 10 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
15 10 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
15 10 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
15 10 15 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
15 10 15 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1€: 

Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg 
15 10 15 

Gly 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn 
15 10 15 

Arg Gly 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys 
15 10 15 

Asn Arg Gly 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEI»rESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
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Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gl 
15 10 15 

Lys Asn Arg Gly 

20 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg 
15 10 15 

Gly Lys Asn Arg Gly 
20 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin 
15 10 15 

Arg Gly Lys Asn Arg Gly 

20 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
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Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly 
15 10 15 

Gin Arg Gly Lys Asn Arg Gly 
20 



(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 24 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg 
15 10 15 

Gly Gin Arg Gly Lys Asn Arg Gly 
20 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

Arg Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg 
15 10 15 

Arg Gly Gin Arg Gly Lys Asn Arg Gly 
20 25 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25; 
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Asn Arg Gin Ala Ala Ala Ala Asn 
1 5 

Arg Arg Gly Gin Arg Gly Lys Asn 
20 



Pro Glu Asn Ser Arg Gly Lys Glv 
10 15 

Arg Gly 

25 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Arg Asn Arg Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys 
1 5 10 15 

Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
20 25 



(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

Glu Arg Asn Arg Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly 
15 10 15 

Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
20 25 



(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 



Arg Glu Arg Asn Arg Gin Ala Ala Ala Ala Asn Pro Glu Asn S r Arg 
15 10 15 
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Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
20 25 



INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 amino acids 

(B) TYPE: aunino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 



Arg Arg Glu Arg Asn Arg Gin Ala 
1 5 

Arg Gly Lys Gly Arg Arg Gly Gin 
20 



Ala Ala Ala Asn Pro Glu Asn Ser 
10 15 

Arg Gly Lys Asn Arg Gly 
25 30 



(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Pro Arg Arg Glu Arg Asn Arg Gin Ala Ala Ala Ala Asn Pro Glu Asn 
15 10 15 

Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly 
20 25 30 



(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 



Leu Pro Arg Arg Glu Arg Asn Arg Gin Ala Ala Ala Ala Asn Pro Glu 
15 10 15 
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Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg Glv 
20 25 30 



(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE; amino acid 

(C) STRANDEDNESS: single 
iD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

Val Leu Pro Arg Arg Glu Arg Asn Arg Gin Ala Ala Ala Ala Asn Pro 
15 10 15 

Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn Arg 
20 25 30 

Gly 



(2) INFORMATION FOR SEQ ID NO: 33: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33; 

Ala Val Leu Pro Arg Arg Glu Arg Asn Arg Gin Ala Ala Ala Ala Asn 
15 10 15 

Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly Lys Asn 
20 25 30 

Arg Gly 



(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 amino acids 

(B) TYPE: 2uaino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 
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Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg Gin Ala Ala Ala Ala 
15 10 15 

Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Qly Lys 
20 25 30 

Asn Arg Gly 
35 



(2) INFORMATION FOR SEQ ID NO: 35: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

Gin Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg Gin Ala Ala Ala 
15 10 15 

Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly 
20 25 30 

Lys Asn Arg Gly 
35 



(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Lys Gin Met Ala Val Leu Pro Axg Arg Glu Arg Asn Arg Gin Ala Ala 
15 10 15 

Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg 
20 25 30 

Gly Lys Asn Arg Gly 
35 



(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 amino acids 
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(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Asp Lys Gin Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg Gin Ala 
15 10 15 

Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin 
20 25 30 

Arg Gly Lys Asn Arg Gly 
35 



(2) INFORMATION FOR SEQ ID NO: 38: 



Pro Arg Arg Glu Arg Asn Arg Gin 
10 15 

Ser Arg Gly Lys Gly Arg Arg Gly 
25 30 



(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
{D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

Pro Asp Lys Gin Met Ala Val Leu 
1 5 

Ala Ala Ala Ala Asn Pro Glu Asn 
20 



Gin Arg Gly Lys Asn Arg Gly 
35 



(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTTERISTICS : 

(A) LENGTH: 417 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

CATATGTCTC CGGATAAACA AATGGCTGTT CTTCCACTGTC GTGAACGTAA CCGTCAGGCG 60 

GCCGCTGCTA ACCCGGAGAA TTCCCGTGC5T AAAGGTCGTC GTGGTCAGCG TGGTAAAAAC 120 

CGCGGTTGCG TTCrTGACCGC TATCCACCTG AACGTTACCG ACCTGGGTCT CGGTTACGAA 180 

ACCAAAGAAG AATTAATCTT CCGTTACTGC TCCGGTTCCT GCGACGCTGC TGAAACCACG 240 



wo 97/11964 



PCT/US96/I4915 



- 75 - 



TACGACAAAA TCCTGAAAAA CCTGTCCCGT AACCGTCGTC TGGTTTCCGA CAAAGTTGGT 300 
CAAGCTTGCT GCCGTCCGAT CGCTTTCGAC GACGACCTGT CCTTCCTGGA CGACAACCTG 360 
GTTTACCACA TCCTGCGTAA ACACTCCGCT AAGCGTTGCG GTTGCATCTA AGGATCC 417 



(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 417 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 
CATATGAGCC CGGACAAACA GATGGCAGTA CTTCCACGTC GTGAACGTAA TCGCCAGGCA 60 
GCAGCTGCAA ACCCGGAAAA CTCCCGTGGT AAAGGTCGCC GTGGCCAGCG CGGCAAAAAC 120 
CGTGGTTGTG TTCTGACTGC AATCCACCTG AACGTTACTG ACCTGGGTCT GGGCTACGAA 180 
ACCAAAGAAG AACTGATCTT CCGCTACTGC AGCGGCTCTT GCGACGCAGC TGAAACCACT 240 
TACGACAAAA TCCTGAAAAA CCTGTCCCGT AACCGCCGTC TGGTAAGCGA CAAAGTAGGT 300 
CAGGCATGCT GCCGTCCGAT CGCATTCGAC GATGACCTGA GCTTCCTGGA TGACAACCTG 360 
GTTTACCACA TCCTGCGTAA ACACTCCGCT AAACGCTGCG GTTGCATCTA AGGATCC 417 



(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 345 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1,,342 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:41: 

ATG TCC CCA GAA AAT TCT CGT GGT AAA GGT CGT CGT GGT CAG CGT GGT 48 
Met Ser Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly 
135 140 145 150 

AAT AAC CGC GGT TGC GTT CTG ACC GCT ATC CAC CTG AAC GTT ACC GAC 96 
Asn Asn Arg Gly Cys Val Leu Thr Ala lie His Leu Asn Val Thr Asp 
155 160 165 
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CTG GGT CTC GGT TAC GAA ACC AAA GAA GAA TTA ATC TTC CGT TAC TGC 14 4 
Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu lie Phe Arg Tyr Cys 
170 175 180 

TCC GGT TCC TGC GAC GCT GCT GAA ACC ACG TAC GAC AAA ATC CTG AAA 192 
Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp Lys lie Leu Lys 
185 190 195 

AAC CTG TCC CGT AAC CGT CGT CTG GTT TCC GAC AAA GTT GGT CAA GCT 240 
Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lys Val Gly Gin Ala 
200 205 210 

TGC TGC CGT CCG ATC GCT TTC GAC GAC GAC CTG TCC TTC CTG GAC GAC 286 
Cys Cys Arg Pro lie Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp Asp 
215 220 225 230 

AAC CTG GTT TAC CAC ATC CTG CGT AAA CAC TCC GCT AAG CGT TGC GGT 336 
Asn Leu Val Tyr His lie Leu Arg Lys His Ser Ala Lys Arg Cys Gly 
235 240 245 

TGC ATC TAA 345 
Cys lie 



(2 1 INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 114 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

Hi) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:42: 

Met Ser Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly 
15 10 15 

Asn Asn Arg Gly Cys Val Leu Thr Ala lie His Leu Asn Val Thr Asp 
20 25 30 

Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu lie Phe Arg Tyr Cys 
35 40 45 

Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp Lys lie Leu Lys 
50 55 60 

Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lys Val Gly Gin Ala 
65 70 75 80 

Cys Cys Arg Pro lie Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp Asp 
85 90 95 

Asn Leu Val Tyr His lie Leu Arg Lys His Ser Ala Lys Arg Cys Gly 
100 105 110 



Cys lie 
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(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 315 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1. .312 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 



ATG CGT GGT CAA CGT GGT AAA AAC CGC GGT TGC 
Met Arg Gly Gin Arg Gly Lys Asn Arg Gly Cys 
115 120 125 



GTT CTG ACT GCA ATC 48 
Val Leu Thr Ala He 
130 



CAC CTG AAC GTT ACT GAC CTG GGT CTG GGC TAC 
His Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr 
135 140 



GAA ACC AAA GAA GAA 
Glu Thr Lys Glu Glu 
145 



96 



CTG ATC TTC CGC TAC TGC AGC GGC TCT TGC GAC 
Leu He Phe Arg Tyr Cys Ser Gly Ser Cys Asp 
150 155 



GCA GCT GAA ACC ACT 
Ala Ala Glu Thr Thr 
160 



144 



TAC GAC AAA ATC CTG AAA AAC CTG TCC CGT AAC 
Tyr Asp Lys He Leu Lys Asn Leu Ser Arg Asn 
165 170 



CGC CGT CTG GTA AGC 192 
Arg Arg Leu Val Ser 
175 



GAC AAA GTA GGT CAG GCA TGC TGC CGT CCG ATC 
Asp Lys Val Gly Gin Ala Cys Cys Arg Pro He 
180 185 



GCA TTC GAC GAT GAC 240 
Ala Phe Asp Asp Asp 
190 



CTG AGC TTC CTG GAT GAC AAC CTG GTT TAC CAC 
Leu Ser Phe Leu Asp Asp Asn Leu Val Tyr His 
195 200 205 



ATC CTG CGT AAA CAC 288 
He Leu Arg Lys His 
210 



TCC GCT AAA CGC TGC GGT TGC ATC TAA 
Ser Ala Lys Arg Cys Gly Cys He 
215 



315 



(2) INFORMATIC»J FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 104 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44: 

Met Arg Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala He 
15 10 15 
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His Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu 
20 25 30 

Leu lie Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr 
35 40 45 

Tyr Asp Lys lie Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser 
50 55 60 

Asp Lys Val Gly Gin Ala Cys Cys Arg Pro lie Ala Phe Asp Asp Asp 
65 70 75 80 

Leu Ser Phe Leu Asp Asp Asn Leu Val Tyr His lie Leu Arg Lys His 
85 90 95 

Ser Ala Lys Arg Cys Gly Cys lie 
100 



(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 312 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{D} TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<ix) FEATURE: 

(A) NAME/ KEY: CDS 

(B) LOCATION: 1-.309 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

ATG GGT CAA CGT GOT AAA AAC CGT GOT TGT GTT CTG ACT GCA ATC CAC 48 
Met Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala lie His 
105 110 115 120 

CTG AAC GTT ACT GAC CTG GGT CTG GGC TAC GAA ACC AAA GAA GAA CTG 96 
Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu 
125 130 135 

ATC TTC CGC TAC TGC AGC GGC TCT TGC GAC GCA GCT GAA ACC ACT TAC 144 
lie Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr 
140 145 150 

GAC AAA ATC CTG AAA AAC CTG TCC CGT AAC CGC CGT CTG GTA AGC GAC 192 
Asp Lys lie Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp 
155 160 165 

AAA GTA GGT CAG GCA TGC TGC CGT CCG ATC GCA TTC GAC GAT GAC CTG 240 
Lys Val Gly Gin Ala Cys Cys Arg Pro lie Ala Phe Asp Asp Asp Leu 
170 175 180 

AGC TTC CTG GAT GAC AAC CTG GTT TAC CAC ATC CTG CGT AAA CAC TCC 288 
Ser Phe Leu Asp Asp Asn Leu Val Tyr His lie Leu Axg Lys His Ser 
185 190 195 200 
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GOT AAA CGC TGC GGT TGC ATC TAA 312 
Ala Lys Arg Cys Gly Cys lie 
205 



(2) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

ih) LENGTH: 103 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46: 

Met Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala lie His 
15 10 15 

Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu 
20 25 30 

lie Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr 
35 40 45 

Asp Lys lie Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp 
50 55 60 

Lys Val Gly Gin Ala Cys Cys Arg Pro lie Ala Phe Asp Asp Asp Leu 
65 70 75 80 

Ser Phe Leu Asp Asp Asn Leu Val Tyr His lie Leu Arg Lys His Ser 
85 90 95 

Ala Lys Arg Cys Gly Cys lie 
100 



(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 135 amino acids 

(B) TYPE: amino acid 

(C) STRANDEIMIESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 

Met Ser Pro Asp Lys Gin Met Ala Val Leu Pro Arg Arg Glu Arg Asn 
15 10 15 

Arg Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg 
20 25 30 

Arg Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala He His 
35 40 45 
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Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu 
50 55 60 

lie Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tvr 
65 70 75 80 

Asp Lys He Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp 
85 90 95 

Lys Val Gly Gin Ala Cys Cys Arg Pro lie Ala Phe Asp Asp Asp Leu 
100 105 110 

Ser Phe Leu Asp Asp Asn Leu Val Tyr His He Leu Arg Lys His Ser 
115 120 125 

Ala Lys Arg Cys Gly Cys He 
130 135 



(2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 104 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

Met Arg Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala He 
15 10 15 

His Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu 
20 25 30 

Leu He Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr 
35 40 45 

Tyr Asp Lys He Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser 
50 55 60 

Asp Lys Val Gly Gin Ala Cys Cys Arg Pro He Ala Phe Asp Asp Asp 
65 70 75 80 

Leu Ser Phe Leu Asp Asp Asn Leu Val Tyr His He Leu Arg Lys His 
85 90 95 

Ser Ala Lys Arg Cys Gly Cys He 
100 



(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 103 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: 

Met Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala He His 
15 10 15 

Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu 
20 25 30 

He Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr 
35 40 45 

Asp Lys He Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp 
50 55 60 

Lys Val Gly Gin Ala Cys Cys Arg Pro He Ala Phe Asp Asp Asp Leu 
65 70 75 80 

Ser Phe Leu Asp Asp Asn Leu Val Tyr His He Leu Arg Lys His Ser 
85 90 95 

Ala Lys Arg Cys Gly Cys He 
100 

(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 114 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 

Met Ser Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg Gly Gin Arg Gly 
15 10 15 

Asn Asn Arg Gly Cys Val Leu Thr Ala He His Leu Asn Val Thr Asp 
20 25 30 

Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu He Phe Arg Tyr Cys 
35 40 45 

Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp Lys He Leu Lys 
50 55 60 

Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lys Val Gly Gin Ala 
65 70 75 80 

Cys Cys Arg Pro He Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp Asp 
85 90 95 
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Asn Leu Val Tyr His lie Leu Arg Lys His Ser Ala Lys Arg Cys Gly 
100 105 110 



Cys lie 



wo 97/11964 



PCT/US96/1491S 



- 83 - 
CLAIMS 



What is claimed is: 



5 1. A truncated glial cell line-derived neurotrophic factor (GONF) protein 
product having an amino acid sequence 

X-ICys^^-Cys^33l-Y 

wherein 

(Cys^''-Cys^33l represents the amino acid sequence of Cys^'' through 
1 0 Cys^33 as depicted in Figure 1 (SEQ ID NO 2); 

Y represents the carboxy terminal group of Cys^33 or a cartwxy- 
terminus amino acid residue of lle^^^; and 

X represents a methionylated or nonmethionylated amine group of Cys^^ 
or amino-terminus amino acid residue(s) selected from the group: 

15 

G 
RG 
NRG 

KNRG (SEQ ID NO:3) 
GKNRG (SEQ ID NO:4) 
RGKNRG (SEQ ID NO:S) 
QRGKNRG (SEQ ID NO:6) 
GQRGKNRG (SEQ ID NO:7) 
RGORGKNRG (SEQ ID N0:6) 
RRGQRGKNRG (SEQ ID NO:9) 
G RRGQRGKNRG (SEQ ID NO: 10) 
KG RRGQRGKNRG (SEQI0NO:11) 
GKG RRGQRGKNRG (SEQ ID NO:12) 
RGKG RRGQRGKNRG (SEQ ID N0:13) 
SRGKG RRGQRGKNRG (SEQIDNO:14) 
NSRGKG RRGQRGKNRG (SEQ ID N0:1S) 
ENSRGKG RRGQRGKNRG (SEQ ID NO: 16) 
PENSRGKG RRGQRGKNRG (SEQ ID NO: 17) 
NPENSRGKG RRGQRGKNRG (SEQ ID NO:18) 
ANPENSRGKG RRGQRGKNRG (SEQIDNO:19) 
A ANPENSRGKG RRGQRGKNRG (SEQ ID NO:20) 
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- 




AA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:2l) 




AAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:22) 




OAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:23) 




RQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID N0.24) 




NRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:25) 




RNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:26) 




ERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:27) 




RERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO;28) 




RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:29) 


p 


RRERNROAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:30) 


LP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:31) 


VLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO;32) 


AVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:33) 


MAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:34) 


QMAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:35) 


KQHAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:36) 


DKQMAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:37) and 


PDKQMAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:38) 



and addition, substitution and internal deletion variants and derivatives thereof. 



2. A twncaXed GONF protein product according to Claim 1, wherein X = 
5 RQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:24) or a variant thereof. 

3 . A truncated GONF protein product according to Claim 1 , wherein X - 
NPENSRGKG RRGQRGKNRG (SEQ 10 NO:1 8) or a variant thereof. 

10 4. A truncated GONF protein product according to Claim 1. wherein X = 
PENSRGKG RRGQRGKNRG (SEQ 10 NO:17) or a variant thereof. 

5 . A truncated GONF protein product according to Claim 1 . wherein X = 
SRGKG RRGQRGKNRG (SEQ ID NO:14) or a variant ther of. 

15 

6 . A truncated GONF protein product according to Claim 1 , wherein X = 
RGQRGKNRG (SEQ ID N0:8) or a variant th reof . 
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7. A truncated GDNF protein product according to Clainn 1, wherein X = 
GQRGKNRG (SEQ ID NO:7) or a variant thereof. 

8 . A truncated GDNF protein product according to Claim 1 , wherein X = 
5 KNRG (SEQ ID NO:3) or a variant thereof. 

9. A truncated GDNF protein product according to Claim 1. wherein X = NRG 
or a variant thereof. 

10 10. A truncated GDNF protein product according to Claims 1 through 9, 
wherein said amino acid sequence is glycosylated. 

11. A truncated GDNF protein product according to Claims 1 through 9, 
wherein said amino acid sequence is rK)nglycosylated. 

15 

12. A trurK:ated GDNF protein product according to Claim 1, wherein said 
derivative is an X-(Cys^l-Cys^33],Y amino acid sequence conjugated to a water 
soluble polymer. 

20 13. A polynucleotide encoding a truncated GDNF protein according to Claim 1 . 

14. A polynucleotide according to Claim 13, comprising a portion of the 
sequence as set forth in Figure 1 . 

2 5 15. A polynucleotide according to Claim 13. comprising a portion of the 

sequence as set forth in Figure 3. 

16. A polynucleotide according to Claim 13, comprising a portion of the 
sequence as set forth in Figure 4. 

30 

17. A polynucleotide according to Claim 1 3, comprising the sequence as set 
forth in Figure 5. 

18. A polynucleotide according to Claim 13, comprising the sequ nee as set 

3 5 forth in Figure 6. 
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19. A polynucleotide according to Claim 13. comprising the sequence as set 
forth in Figure 7. 

20. A vector, comprising a polynucleotide of Claim 13 operatively linked to 
5 an expression control sequence. 

21. A prokaryotic or eukaryotic host cell transformed or transfected with a 
polynucleotide of Claim 13. 

10 22. A method for producing a truncated GDNF protein, comprising growing 
host cells of Claim 21 in a suitable nutrient medium and, optionally, isolating 
said truncated GDNF from said cells or said nutrient medium. 

23. A method for producing a truncated GDNF protein according to Claim 22. 

1 5 wherein said host cells are E colL 

24. A method for producing a truncated GDNF protein according to Claim 22. 
wherein said host cells are Chinese hamster ovary cells. 

2 0 25. A method for the production of a truncated glial cell line-derived 

neurotrophic factor (GDNF) protein, comprising the steps of: 
( a ) cuituring a prokaryotic or eukaryotic host cell transformed or 

transfected with a vector of Claim 20; 
( b ) maintaining said host cell under conditions allowing the expression of 
2 5 truncated GDNF protein by said host cell; and 

( c ) optionally isolating the truncated GDNF protein expressed by said host 
cell. 

26. A truncated GDNF protein which is the recombinant expression product of 
30 a prokaryotic or eukaryotic host ceil containing an exogenous polynucleotide of 
Claim 13. 



35 



27. A pharmaceutical comp sition comprising a truncated GDNF protein 
product according to Claim 1 in association with a pharmaceutically acceptable 
vehicle. 
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28. A pharmaceutical composition comprising a truncated GDNF protein, 
produced in accordance with the method of Claim 22 in association with a 
pharmaceutically acceptable vehicle. 

5 29. A pharmaceutical composition comprising a truncated GDNF protein, 
produced in accordance with the method of Claim 25 in association with a 
pharmaceutically acceptable vehicle. 

30. A method of treating Parkinson's Disease comprising administering to a 
1 0 patient the pharmaceutical composition of Claim 27. 

31 . A method of treatir>g Parkinson's Disease comprising administering to a 
patient a polynucleotide sequence of Claim 1 3 to provide in vivo production of 
said truncated GDNF protein. 

1 5 

32. A method of treating Parkinson's Disease comprising implanting in a 
patient a cell transformed with a polynucleotide sequence of Claim 13 to provkle 
in vivo production of said truncated GDNF protein. 

2 0 33. A glial cell line-derived neurotrophic factor (GDNF) compositk>n, 

comprising a mature GDNF protein and one or more truncated GDNF proteins, 
wherein said mature GDNF protein has a molecular weight of approximately 
44 kDa, and wherein said truncated GDNF protein(s) has a molecular weight of 
approximately 29 to 40kDa. 

25 

34. A GDNF composttk>n according to Claim 33, comprising at least two 
species of trurKated GDNF protein wherein a first species has a nriolecular weight 
of approxiniately 36 kDa and a second species has a molecular weight of 
approximately 40 kDa. 

30 

35. A GDNF compositkHi according to Claim 34, wherein said second trurK:ated 
GDNF species having a m lecular weight of appr ximately 40 kDa is a 
heterodimer f a mature GDNF monomer having a molecular weight of 
approximately 22 kDa and a truncated GDNF monomer having a molecular 

3 5 weight f appr ximat ly 16 kDa. 
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36 . A tmncat d GDNF protein isolated from the GDNF composition of 
Claim 33 and having a molecular weight of approximately 29 to 40 kDa, 



37 . A truncated GDNF protein isolated from the GDNF composttton of 
5 Claim 33 and having a molecular weight of approximately 29 to 36 kDa. 



38. A truncated GDNF protein derived from a mature GDNF protein expressed 
by a recombtnantly modified bacterial or mammalian cell, said truncated GDNF 
protein having an amirx) acid sequence 
10 X-ICys*^-Cys^33]-Y 
wherein 

[Cys*'-Cys''33] represents the amino acid sequence of Cys*"* through 
Cys^33 as depicted in Figure 1 (SEQ ID NO 2); 

Y represents the cartK>xy terminal group of Cys^^^ or a cart>oxy- 
1 S terminus amino acid residue o1 ile^^^; and 

X represents an amine group of Cys^^ or amino-terminus amino acid 
residue(s) selected from the group: 



G 
RG 
NRG 
KNRG 
GKNRG 
RGKNRG 
ORGKNRG 
GQRGKKRG 
RGQRGKNRG 
RRGQRGKNRG 
G RRGQRGKNRG 
KG RRGQRGKNRG 
GKG RRGQRGKNRG 
RGKG RRGQRGKNRG 
SRGKG RRGQRGKNRG 
NSRGKG RRGQRGKNRG 
ENSRGKG RRGQRGKNRG 
PENSRGKG RRGQRGKNRG 



(SEQ ID NO:3) 
(SEQ ID NO:4) 
(SEQ ID NO:5) 
(SEQ ID NO:6) 
(SEQ IDNO:7) 
(SEQ ID NO:8) 
(SEQ ID NO:9) 
(SEQ ID NO:10) 
(SEQ ID N0:11) 
(SEQ ID NO:12) 
(SEQ ID NO: 13) 
(SEQ ID NO:14) 
(SEQ ID NO:15) 
(SEQ ID NO:16) 
(SEQ ID NO; 17) 



'f 
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NPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:18) 






ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:19) 




A 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:20) 




AA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:2l) 




AAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:22) 




QAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:23) 




RQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:24) 




NRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID N025) 




HNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:26) 




ERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:27) 




RERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:28) 




RRERNHQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:29) 


p 


RRERNROAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:30) 


LP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ IDNO:31) 


VX,P 


RRERNROAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:32) 


AVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:33) 


MAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:34) 


OMAVLP 


RRERNRQAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:3S) 


KOMAVLP 


RRERNROAAA 


ANPENSRGKG 


RRGQRGKNRG 


(SEQ ID NO:36) 


DKQMAVLP 


RRERNROAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:37) and 


PDKQMAVLP 


RRERNROAAA 


ANPENSRGKG 


RRGQRGKNRG (SEQ ID NO:38) 



and addition, substitution and internal deletion variants thereof. 

39. A truncated GDNF protein according to Claim 36, wherein X is selected 
5 from the group consisting of: 

G 

RG 

NRG 

KNRG (SEQiDN0:3) 
GKNRG (SEQ ID NO:4) 
RGKNRG (SEQIDNO:5) 
QRGKNRG (SEQ ID N0:6) 
GQRGKNRG (SEQ ID NO:7) 
RGQRGKNRG (SEQ ID NO:8) and 
RRGQRGKNRG (SEQ ID NO:9) 
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and variants th reof. 

40. A truncated GDNF protein according to Claim 38, wherein mature GDNF 
protein is expressed by a recombinantty modified bacterial cell and said 

5 truncated GONF protein is produced in vitro or in vivo, 

41. A method of preparing a pharmaceutical composition wherein a 
therapeutically effective amount of a truncated GDNF protein product according 
to Claim 1 is mixed with one or more pharmaceutically acceptable vehicles. 

10 

42 . The use of a truncated GDNF protein product according to Claim 1 for 
treatir>g damage to the r^ervous system caused by disease or injury. 

43. The use of a truncated GDNF protein product according to Claim 42 for 
1 5 treating Parkinson's disease. 

44. The use of a truncated GDNF protein product according to Claim 1 for the 
preparation of a pharmaceutical composition for treatirtg damage to the nervous 
system caused by disease or mjary. 

20 
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FIG.1 

Mature Human GONF 



TCA CCA GAT AAA CAA ATG GCA GTG CTT CCT AGA AGA GAG CGG AAT 
Ser Pro Asp Lys Gin Met Ala Val Leu Pro Arg Arg Glu Arg Asn 

5 10 15 

CGG CAG GCT GCA GCT GCC AAC CCA GAG AAT TCC AGA GGA AAA GGT 
Arg Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly 

20 25 30 



CGG AGA GGC CAG AGG GGC AAA AAC CGG GGT TGT GTC TTA ACT GCA 
Arg Arg Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala 

35 40 45 



ATA CAT TTA AAT GTC ACT GAC TTG GGT CTG GGC TAT GAA ACC AAG 
lie His Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys 

50 55 60 



GAG GAA CTG ATT TTT AGG TAC TGC AGC GGC TCT TGC GAT GCA GCT 
Glu Glu Leu lie Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala 

65 70 75 



GAG ACA ACG TAC GAC AAA ATA TTG AAA AAC TTA TCC AGA AAT AGA 
Glu Thr Thr Tyr Asp Lys lie Leu Lys Asn Leu Ser Arg Asn Arg 

80 85 90 



AGG CTG GTG AGT GAC AAA GTA GGG CAG GCA TGT TGC AGA CCC ATC 
Arg Leu Val Ser Asp Lys Val Gly Gin Ala Cys Cys Arg Pro lie 

95 100 105 



GCC TTT GAT GAT GAC CTG TCG TTT TTA GAT GAT AAC CTG GTT TAC 
Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp Asp Asn Leu Val Tyr 

110 115 120 



CAT ATT CTA AGA AAG 
His lie Leu Arg Lys 

125 



CAT TCC GCT AAA 
His Ser Ala Lys 



AGG TGT GGA TGT ATC 
Arg Cys Gly Cys lie 
130 
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FIG.3A 

metGDNF Degenerate DNA Sequence 



B 

N S 
d p 
e E 
I I 

CATATGTCTCCGGATAAACAAATGGCTGTTCTTCCAC 

1 ^ + ^ 4 ^ ^ 

MetSer 

E 

N c 

0 o 
t R 

1 I 

GTCGTGAACGTAACCGTCAGGCGGCCGCTGCTAACCCGGAGAATTCCCGTGGTAAAGGTC 
61 ^ 4 + + ^ + 120 

S 
a 
c 
I 
I 

GTCGTGGTCAGCGTGGTAAAAACCGCGGTTGCGTTCTGACCGCTATCCACCTGAACGT^ 
121 ♦ + + ♦ 4 4 180 

P 
s 
h 
A 
I 

CCGACCTGGGTCTCGGTTACGAAACCAAAGAAGAATTAATCTTCCGTTACTGCTCCGGT^ 
181 4 + 4 4 ♦ + 240 
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FIG.3B 

s 
u 
n 
I 

CCTGCGACGCTGCTGAAACCACGTACGACAAAATCCTGAAAAACCTGTCCCGTAACCGTC 
241 ■«■ ♦ ♦ ♦ ♦ ^ 300 

E 

H a 

i m 
n 1 
d Pi 
I V 0 
I u 5 
I II 
GTCTGGTTTCCGACAAAGTTGGTCAAGCTTGCTGCCGTCCGATCGCTTTCGACGACGACC 
301 ♦ ♦ ♦ ♦ ♦ ♦ 360 

TGTCCTTCCTGGACGACAACCTGGTTTACCACATCCTGCGTAAACACTCCGCTAAGCGTT 
361 ♦ ♦ ♦ ♦ ♦ ♦ 420 

B 
a 
m 
H 
I 

GCGGTrGCATCTAAGGATCC 
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FIG.4 

metGONF Degenerate DNA Sequence 



d 
e 
I 

CATATGAGCCCGGACAAACAG 

1 ♦ ^ ^ ^ ^ ^ gQ 

MetSer 

ATGGCAGTACTTCCACGTCGTGAACGTAATCGCCAGGCAGCAGCTGCAAACCCGGAAAAC 
61 ^ ^ + ^ ^ ^ 

TCCCGTGGTAAAGGTCGCCGTGGCCAGCGCGGCAAAAACCGTGGTTGTGTTCTGACTGCA 
121 > + + + + + 180 

P 
s 
h 
A 
I 

ATCCACCTGAACGTTACTGACCTGGGTCTGGGCTACGAAACCAAAGAAGAACTGATCTTC 
181 + ♦ + + ^ + 240 

P 

s 
t 
I 

CGCTACTGCAGCGGCTCTTGCGACGCAGCTGAAACCACTTACGACAAAATCCTGAAAAAC 
241 ^ ^ -(^ ^ ^ ♦ 300 

P 

V 

u 
I 

CTGTCCCGTAACCGCCGTCTGGTAAGCGACAAAGTAGGTCAGGCATGCTGCCGTCCGATC 
301 4- > * ^ + + 360 

B 

3 

m 

I 

GCATTCGACGATGACCTGAGCTTCCTGGATGACAACCTGGTTTACCACATCCTGCGTAAA 
361 ^ + * f + + 420 

B 
a 
m 
H 
I 

CACTCCGCTAAACGCTGCGGTTGCATCTAAGGATCC 
421 * + ^ 456 
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FIG. 5 

(Pro23-Lys37AAsn37.||e134] Truncated GDNF Protein 



ATGTCCCCAGAAAATTCTCGTGGTAAAGGTCGTCGTGGTCAGCGTGGTAATAACCGCGGT 
21 + + + * ^ + 80 

MS PENSRGKGRRGQRGNNRG 

TGCGTTCTGACCGCTATCCACCTGAACGTTACCGACCTGGGTCTCGGTTACGAAACCAAA 
81 + ^- + > + ^ 140 

CVLTAIHLNVTDLGLGYETK 

GAAGAATTAATCTTCCGTTACTGCTCCGGTTCCTGCGACGCTGCTGAAACCACGTACGAC 

141 ^ + ^ + ^ + 200 

EELI FRYCSGSCDAAETTYD 

AAAATCCTGAAAAACCTGTCCCGTAACCGTCGTCTGGTTTCCGACAAAGTTGGTCAAGCT 

201 ♦ + + ^ * + 260 

KILKNLSRNRRLVSDKVGQA 

TGCKKrCGTCCGATCGCTTTCGACGACGACCTGTCCTTCCTGGACGACAACCT^ 

261 + + ^ + + + 320 

CCRPIAFDDDLSFLDDNLVY 



CACATCCTGCGTAAACACTCCGCTAAGCGTTGCGGTTGCATCTAA 

321 + + ^ + 

HILRKHSAKRCGCI* 



< 
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FIG. 6 

(Arg32.||e^34| Truncated GDNF Protein 



ATGCGTGGTCAACGTGGTAAAAACCGCGGTTGCGTTCTGACTGCAATCCACCTGAACGTT 

41 + 4. ♦ ♦ + + IQQ 

MRGQRGKNRGCVLTAIHLNV 

ACTGACCTGGGTCTGGGCTACGAAACCAAAGAAGAACTGATCTTCCGCTACTGCAGCGGC 

101 ♦ ♦ * ♦ ♦ ♦ 160 

TDLGLGYETKEELIFRYCSG 

TCTTGCGACGCAGCTGAAACCACTTACGACAAAATCCTGAAAAACCTGTCCCGTAACCGC 

161 * * * * ••• + 220 

SCDAAETTYDKILKNLSRNR 

CGTCTGGTAAGCGACAAAGTAGGTCAGGCATGCTGCCGTCCGATCGCATTCGACGATGAC 

221 * ♦ ♦ ♦ * * 280 

RLVSDKVGQACCRPIAFDDD 

CTGAGCTTCCTGGATGACAACCTGGTTTACCACATCCTGCGTAAACACTCCGCTAAACGC 

281 + ♦ + + 4- + 340 

LSFLDDNLVYH ILRKHSAKR 

TGCGGTTGCATCTAA 

341 ♦ 355 

C G C I * 
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FIG. 7 

[Gly^^-iie^S^*] Truncated GDNF Protein 



ATGGGTCAACGTGGTAAAAACCGTGGTTGTGTTCTGACTGCAATCCACCTGAACGTTACT 

41 + + ^ ♦ ^ ^ 

MGQRGKNRGCVLTAIHLNVT 

GACCTGGGTCTGGGCTACGAAACCAAAGAAGAACTGATCTTCCGCTACTGCAGCGGCTCT 

101 * + * ^ * ^ 160 

DLGLGYETKEELIFRYCSGS 

TGCGACGCAGCTGAAACCACTTACGACAAAATCCTGAAAAACCTGTCCCGTAACCGCCGT 

161 ^ * + * ^ + 220 

CDAAETTYDKILKNLSRNRR 

CTGGTAAGCGACAAAGTAGGTCAGGCATGCTGCCGTCCGATCGCATTCGACGATGACCTG 

221 * * ♦ ^ ^ + 280 

LVSD 'KVGQACCRPIAFDDDL 

AGCTTCCTGGATGACAACCTGGTTTACCACATCCTGCGTAAACACTCCGCTAAACGCTGC 

281 + + + + + 340 

SFLD DNLVYHILRKHSAKRC 



GGTTGCATCTAA 
341 352 

G C I * 
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31 GDNF 

32 GDNF 
22 GDNF 



GDNF 

31 GDNF 

32 GDNF 
22 GDNF 



GDNF 

31 GDNF 

32 GDNF 
22 GDNF 
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FIG. 8 

Comparison of Protein Sequences 

50 

MSPDKQMAVL PRRERNRQAA AANPENSRGK GRRGQRGKNR GCVLTAIHLN 

MRGQRGKNR GCVLTAIHLN 

MGQRGKNR GCVLTAIHLN 

MSPENSRGK GRRGQRGNNR GCVLTAIHLN 



51 

VTDLGLGYET 
VTDLGLGYET 
VTDLGLGYET 
VTDLGLGYET 



KEELIFRYCS 
KEELIFRYCS 
KEELIFRYCS 
KEELIFRYCS 



GSCDAAETTY 
GSCDAAETTY 
GSCDAAETTY 
GSCDAAETTY 



DKILKMLSRM 
DKILKNLSRN 
DKILKNLSRN 
DKILKNLSRN 



100 
RRLVSDKVGQ 
RRLVSDKVGQ 
RRLVSDKVGQ 
RRLVSDKVGQ 



101 135 
ACCRPIAFDD DLSFLDDNLV YHILRKHSAK RCGCI 
ACCRPIAFDD DLSFLDDNLV YHILRKHSAK RCGCI 
ACCRPIAFDD DLSFLDDNLV YHILRKHSAK RCGCI 
ACCRPIAFDD DLSFLDDNLV YHILRKHSAK RCGCI 
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